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57 ABSTRACT

Each second selection circuit selects, out of a plurality of
evaluation values, an evaluation value being in a predeter-
mined relative positional relation with a first evaluation value
as an evaluation value outputted from a first selection circuit,
and outputs the selected value. The predetermined relative
positional relations are different from one another among a
plurality of second selection circuits. Every time a second
evaluation value is outputted from the second selection circuit
corresponding to the integration circuit, the integration circuit
reads a weigh value corresponding to a combination of the
second evaluation value and the first evaluation, which makes
a pair with the second evaluation and is outputted from the
first selection circuit, from a storage circuit corresponding to
the second selection circuit and integrates the read values. An
addition circuit at least adds a plurality of integrated values
outputted from a plurality of integration circuits, and an addi-
tion value obtained thereby becomes a probability value.

10 Claims, 23 Drawing Sheets
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1
IMAGE PROCESSING CIRCUIT AND IMAGE
DETECTION DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technique for obtaining a
probability value indicative of a probability that an image is a
specific image.

2. Description of the Background Art

As described in Japanese Patent Application Laid-Open
No.2012-053769, there have hitherto been proposed a variety
of techniques for obtaining a value indicative of characteris-
tics of an image.

SUMMARY OF THE INVENTION

Incidentally, in processing for obtaining a probability value
indicative of a probability that an image is a specific image
based on a value representing characteristics of the image,
improvement in a processing speed is desired.

Therefore, the present invention has been made in view of
the above circumstance, and an object thereof is to provide a
technique capable of improving a processing speed in pro-
cessing for obtaining a probability value indicative of a prob-
ability that an image is a specific image.

A first aspect of an image processing circuit is an image
processing circuit for obtaining a probability value indicative
of a probability that an input image is a specific image, the
circuit including: a first selection circuit for selecting one
evaluation value out of a plurality of evaluation values which
indicate respective characteristics of a plurality of pixels
included in the input image and are allocated with positions
different from one another, and outputting the selected value;
aplurality of second selection circuits, each for selecting one
evaluation value from the plurality of evaluation values and
outputting the selected value; a plurality of storage circuits
provided respectively corresponding to the plurality of sec-
ond selection circuits; a plurality of integration circuits pro-
vided respectively corresponding to the plurality of second
selection circuits; an addition circuit; and a control circuit for
controlling selection of the evaluation values in the first selec-
tion circuit and the plurality of second selection circuits,
wherein the first selection circuit sequentially changes one
evaluation value selected out of the plurality of evaluation
values, to change an evaluation value to be outputted, each of
the plurality of second selection circuits selects, out of the
plurality of evaluation values, one evaluation value being in a
predetermined relative positional relation with a first evalua-
tion value as an evaluation value which is outputted from the
first selection circuit, and outputs the selected value, the pre-
determined relative positional relations are different from one
another among the plurality of second selection circuits, each
of the plurality of storage circuits stores a weigh value based
on a learning sample concerning the specific image in accor-
dance with a combination of a second evaluation value as an
evaluation value which is outputted from the corresponding
second selection circuit and the first evaluation value which
makes a pair with the second evaluation value and is outputted
from the first selection circuit, every time the second evalua-
tion value is outputted from the second selection circuit cor-
responding to the integration circuit, the integration circuit
reads, from the storage circuit corresponding to the second
selection circuit, the weigh value in accordance with a com-
bination of the second evaluation value and the first evalua-
tion value which makes a pair with the second evaluation
value and is outputted from the first selection circuit, to inte-
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2

grate the read values and outputs the consequently obtained
integrated value, and the addition circuit at least adds a plu-
rality of integrated values outputted from the plurality of
integration circuits, so that an addition value is obtained and
becomes the probability value.

A second aspect of the image processing circuit is the
above first aspect, wherein the weigh values stored in the
plurality of storage circuits are rewritable.

A third aspect of the image processing circuit is the above
first aspect, wherein the image processing circuit is capable of
obtaining the probability value concerning each of plural
kinds of specific images, the probability value being indica-
tive of a probability that the input image is the specific image,
each of the plurality of storage circuits stores plural kinds of
weigh values which respectively correspond to the plural
kinds of specific images, and each of the plural kinds of weigh
values are based on a learning sample concerning the corre-
sponding specific image in accordance with a combination of
the second evaluation value outputted from the second selec-
tion circuit corresponding to the storage circuit and the first
evaluation value which makes a pair with the second evalua-
tion value and is outputted from the first selection circuit, the
control circuit sets the kind of weigh value to be used with
respect to the plurality of integration circuits, and every time
the second evaluation value is outputted from the second
selection circuit corresponding to the integration circuit, the
integration circuit reads, from the storage circuit correspond-
ing to the second selection circuit, the weigh value of the kind
set by the control circuit in accordance with a combination of
the second evaluation value and the first evaluation value
which makes a pair with the second evaluation value and is
outputted from the first selection circuit, to integrate the read
values.

A fourth aspect of the image processing circuit is the above
second aspect, wherein the control circuit further includes a
register which stores setting information for setting an opera-
tion to select the evaluation value in each of the plurality of
second selection circuits.

A fifth aspect of the image processing circuit is the above
first aspect, wherein the image processing circuit is capable of
obtaining a second probability value indicative of a probabil-
ity that the input image is a second specific image of which a
kind is different from that of a first specific image as the
specific image, the plurality of second selection circuits have,
as operation modes, a first mode which becomes effective at
the time of obtaining a first probability value as the probabil-
ity value concerning the first specific image, and a second
mode which becomes effective at the time of obtaining the
second probability value, the control circuit sets the operation
mode of the plurality of second selection circuits, a position
of'the second evaluation value in the first mode and a position
of the second evaluation value, both making a pair with the
same first evaluation value, are horizontally symmetrical or
vertically symmetrical each other with respect to a position of
the first evaluation value in each of the plurality of second
selection circuits, in a case where the second selection circuit
corresponding to the integration circuit is on the first mode,
every time the second evaluation value is outputted from the
second selection circuit, the integration circuit reads from the
storage circuit corresponding to the second selection circuit
the weigh value in accordance with a combination of the
second evaluation value and the first evaluation value which
makes a pair with the second evaluation value and is outputted
from the first selection circuit, to integrate the read values and
outputs the consequently obtained integrated value as a first
integrated value, while in a case where the second selection
circuit corresponding to the integration circuit is on the sec-
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ond mode, every time the second evaluation value is outputted
from the second selection circuit, the integration circuit reads
from the storage circuit corresponding to the second selection
circuit the weigh value in accordance with a combination of
the second evaluation value and the first evaluation value
which makes a pair with the second evaluation value and is
outputted from the first selection circuit, to integrate the read
values and outputs the consequently obtained integrated
value as a second integrated value, the addition circuit at least
adds a plurality of integrated values outputted from the plu-
rality of integration circuits in a case where the plurality of
second selection circuits are on the first mode, so that a first
addition value is obtained and becomes the first probability
value, and the addition circuit at least adds a plurality of
integrated values outputted from the plurality of integration
circuits in a case where the plurality of second selection
circuits are on the second mode, so that a second addition
value is obtained and becomes the second probability value.

A sixth aspect of the image processing circuit includes: an
image processing circuit for taking, as an input image, each of
aplurality of images selected from a processing object image
and obtaining a probability value indicative of a probability
that the input image is a specific image; and a specification
section for specifying the specific image in the processing
object image based on the probability value found in the
image processing circuit, wherein the image processing cir-
cuit has: a first selection circuit for selecting one evaluation
value out of a plurality of evaluation values which indicate
respective characteristics of a plurality of pixels included in
the input image and are allocated with positions different
from one another, and outputting the selected value; a plural-
ity of second selection circuits, each for selecting one evalu-
ation value from the plurality of evaluation values and out-
putting the selected value; a plurality of storage circuits
provided respectively corresponding to the plurality of sec-
ond selection circuits; a plurality of integration circuits pro-
vided respectively corresponding to the plurality of second
selection circuits; an addition circuit; and a control circuit for
controlling selection of the evaluation values in the first selec-
tion circuit and the plurality of second selection circuits, the
first selection circuit sequentially changes one evaluation
value selected out of the plurality of evaluation values, to
change an evaluation value to be outputted, each of the plu-
rality of second selection circuits selects, out of the plurality
of evaluation values, one evaluation value being in a prede-
termined relative positional relation with a first evaluation
value as an evaluation value which is outputted from the first
selection circuit, and outputs the selected value, the predeter-
mined relative positional relations are different from one
another among the plurality of second selection circuits, each
of the plurality of storage circuits stores a weigh value based
on a learning sample concerning the specific image in accor-
dance with a combination of a second evaluation value as an
evaluation value which is outputted from the corresponding
second selection circuit and the first evaluation value which
makes a pair with the second evaluation value and is outputted
from the first selection circuit, every time the second evalua-
tion value is outputted from the second selection circuit cor-
responding to each of the plurality of integration circuits, the
integration circuit reads, from the storage circuit correspond-
ing to the second selection circuit, the weigh value in accor-
dance with a combination of the second evaluation value and
the first evaluation value which makes a pair with the second
evaluation value and is outputted from the first selection
circuit, to integrate the read values and outputs the conse-
quently obtained integrated value, and the addition circuit at
least adds a plurality of integrated values outputted from the
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plurality of integration circuits, so that an addition value is
obtained and becomes the probability value.

A seventh aspect of the image processing circuit is the
above sixth aspect, wherein the image processing circuit
obtains the probability value concerning each of plural kinds
of specific images, the probability value being indicative of a
probability that the input image is the specific image, each of
the plurality of storage circuits stores plural kinds of weigh
values which respectively correspond to the plural kinds of
specific images, and each of the plural kinds of weigh value
being are based on a learning sample concerning the corre-
sponding specific image in accordance with a combination of
the second evaluation value outputted from the second selec-
tion circuit corresponding to the storage circuit and the first
evaluation value which makes a pair with the second evalua-
tion value and is outputted from the first selection circuit, the
control circuit sets the kind of weigh value to be used with
respect to the plurality of integration circuits, every time the
second evaluation value is outputted from the second selec-
tion circuit corresponding to the integration circuit, the inte-
gration circuit reads, from the storage circuit corresponding
to the second selection circuit, the weigh value of the kind set
by the control circuit in accordance with a combination of the
second evaluation value and the first evaluation value which
makes a pair with the second evaluation value and is outputted
from the first selection circuit, to integrate the read values,
and the specification section specifies a predetermined entire
image with each of the plural kinds of specific images taken as
part thereof in the processing target image based on the prob-
ability values concerning the plural kinds of specific images
obtained in the image processing circuit.

An eighth aspect of the image processing circuit is the
above seventh aspect, wherein the plural kinds of specific
images are images of a plurality of parts constituting a human
body, and the predetermined entire image is an image of a
human whole body.

A ninth aspect of the image processing circuit is the above
sixth aspect, wherein the image processing circuit obtains a
second probability value indicative of a probability that the
input image is a second specific image of which a kind is
different from that of a first specific image as the specific
image, the plurality of second selection circuits have, as
operation modes, a first mode which becomes effective at the
time of obtaining a first probability value as the probability
value concerning the first specific image, and a second mode
which becomes effective at the time of obtaining the second
probability value, the control circuit sets the operation mode
of the plurality of second selection circuits, a position of the
second evaluation value in the first mode and a position of the
second evaluation value, both making a pair with the same
first evaluation value, are horizontally symmetrical or verti-
cally symmetrical each other with respect to a position of the
first evaluation value in each of the plurality of second selec-
tion circuits, in a case where the second selection circuit
corresponding to the integration circuit is on the first mode,
every time the second evaluation value is outputted from the
second selection circuit, the integration circuit reads from the
storage circuit corresponding to the second selection circuit
the weigh value in accordance with a combination of the
second evaluation value and the first evaluation value which
makes a pair with the second evaluation value and is outputted
from the first selection circuit, to integrate the read values and
outputs the consequently obtained integrated value while in a
case where the second selection circuit corresponding to the
integration circuit is on the second mode, every time the
second evaluation value is outputted from the second selec-
tion circuit, the integration circuit reads from the storage
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circuit corresponding to the second selection circuit the
weigh value in accordance with a combination of the second
evaluation value and the first evaluation value which makes a
pair with the second evaluation value and is outputted from
the first selection circuit, to integrate the read values and
outputs the consequently obtained integrated value, the addi-
tion circuit at least adds a plurality of integrated values out-
putted from the plurality of integration circuits in a case
where the plurality of second selection circuits are on the first
mode, so that a first addition value is obtained and becomes
the first probability value, the addition circuit at least adds a
plurality of integrated values outputted from the plurality of
integration circuits in a case where the plurality of second
selection circuits are on the second mode, so that a second
addition value is obtained and becomes the second probabil-
ity value, and the specification section specifies a predeter-
mined entire image with the first and second specific images
taken as a left-side part and a right-side part or an upper-side
part and a lower-side part in the processing object image
based on the first and second probability values obtained in
the image processing circuit.

A tenth aspect of the image processing circuit is the above
ninth aspect, wherein the first and second specific images are
images of'a left-side part and a right-side part of a human face,
and the predetermined entire image is an image of an entire
human face.

A processing speed of obtaining a probability value indica-
tive of a probability that an image is a specific image is
improved.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a configuration of an image
processing system;

FIG. 2 is a diagram showing a configuration of an image
detection device;

FIG. 3 is a diagram showing a configuration of an image
inputting section;

FIG. 4 is a diagram showing a configuration of an image
detecting section;

FIG. 5 is a flowchart showing operations of the image
detecting section;

FIGS. 6 to 11 are diagrams each for explaining the opera-
tions of the image detecting section;

FIG. 12 is a view showing detection result frames as super-
imposed on a processing object image;

FIGS. 13 and 14 are diagrams each for explaining a method
for generating an output value map;

FIG. 15 is a view showing an example of the output value
map;

FIG. 16 is a diagram for explaining an operation of an
evaluation value map generating circuit;

FIG. 17 is a diagram showing an example of a target pixel
value and a plurality of peripheral pixel values;

FIGS. 18 and 19 are diagrams each for explaining a method
for generating LBP;

FIG. 20 is a view showing an example of the processing
object image;

FIG. 21 is a view showing an example of an LBP map
image;

FIG. 22 is adiagram for explaining a method for generating
LTP;
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FIG. 23 is a diagram for explaining a method for generating
positive LTP;

FIG. 24 is a diagram for explaining a method for generating
negative LTP;

FIG. 25 is a view showing an example of a positive LTP
map image;

FIG. 26 is a view showing an example of a negative LTP
map image;

FIG. 27 is a diagram showing a positional relation between
a target pixel and each of a plurality of peripheral pixels;

FIG. 28 is a diagram for explaining a method for obtaining
a pixel value at a peripheral position in an oblique direction
with a distance from the target pixel being “1”;

FIG. 29 is a diagram showing plural kinds of positional
relations as to evaluation value pair;

FIGS. 30 to 32 are diagrams each for explaining operations
of a probability value acquiring circuit;

FIG. 33 is a diagram showing an example of a one-dimen-
sional evaluation value histogram;

FIG. 34 is a diagram showing an example of a two-dimen-
sional evaluation value histogram;

FIG. 35 is a diagram showing a configuration of the prob-
ability value acquiring circuit;

FIG. 36 is a diagram showing a configuration of a process-
ing circuit;

FIG. 37 is a diagram showing weigh values stored in a
storage circuit of a first processing circuit;

FIG. 38 is a diagram showing weigh values stored in a
storage circuit of a second processing circuit;

FIG. 39 is a view showing a human body detection result
region made up of an upper half body detection result region
and a lower half body detection result region; and

FIGS. 40 and 41 are diagrams each showing plural kinds of
positional relations as to evaluation value pairs at the time of
a second selection mode.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a diagram showing a configuration of an image
processing system 1 provided with an image detection device
3 according to a preferred embodiment. The image process-
ing system 1 is provided with the image detection device 3
and an imaging device 2. The imaging device 2 captures an
image, and outputs image data indicating a captured image to
the image detection device 3. The image detection device 3
detects a detection object image (also referred to as “specific
image”) from the captured image indicated by the inputted
image data. The image processing system 1 is used, for
example, in a monitoring camera system, a digital camera
system, or the like. In the present preferred embodiment, the
detection object image is, for example, a human face image.
Hereinafter, simply mentioning a “face image” refers to a
human face image. Further, a captured image of an object
from which the detection object image is detected is referred
to as a “processing object image”. It is to be noted that the
detection object image may be an image other than a face
image. For example, the detection object image may be an
image of a human body (image of a human whole body.

FIG. 2 is a diagram showing a configuration of the image
detection device 3. As shown in FIG. 2, the image detection
device 3 is provided with a processor 11 such as a CPU
(Central Processing Unit), a storage section 12 made up of a
ROM (Read Only Memory), a RAM (Random Access
Memory) and the like, an image inputting section 13 and an
image detection section 14, and these are electrically con-
nected with one another through a bus 10.



US 9,053,387 B2

7

The processor 11 controls the storage section 12, the image
inputting section 13 and the image detection section 14, to
control an operation of the entire image detection device 3
comprehensively. A variety of processing executed by the
processor 11 are realized by the processor 11 executing a
variety of programs stored in the ROM of the storage section
12.

A plurality of image data respectively indicating a plurality
of images sequentially captured by the imaging device 2 are
sequentially inputted into the image inputting section 13. The
image inputting section 13 reduces the image indicated by the
inputted image data, and outputs image data indicating the
image after reduced to the image detection section 14. The
image detection section 14 takes an image indicated by the
inputted image data as a processing object image and detects
a face image from the processing object image.

<Configuration of Image Inputting Section>

FIG. 3 is a block diagram showing a hardware configura-
tion of the image inputting section 13. As shown in FIG. 3, the
image inputting section 13 is provided with an image reduc-
ing circuit 20 connected to the bus 10, and a storage section 21
having a first storage circuit 22 and a second storage circuit
23. Each of the first storage circuit 22 and the second storage
circuit 23 is, for example, a RAM.

A plurality of image data respectively indicating a plurality
of images sequentially captured by the imaging device 2 are
sequentially inputted into the image reducing circuit 20. In
the imaging device 2, for example, L. (L=2) images are cap-
tured per second. That is, an imaging frame rate of the imag-
ing device 2 is L fps (frame per second). Further, M1 (M1=2)
pixels are arrayed in a row direction and N1 (N1=2) pixels are
arrayed in a column direction in the image captured by the
imaging device 2. A resolution of the image captured by the
imaging device 2 is, for example, a full high-vision with
M1=1920 and N1=1080.

Itis to be noted that a size of a region, where m (m=1) pixels
are arrayed in the row direction and n (nz1) pixels are arrayed
in the column direction, is hereinafter represented by m pxn p
(p means pixels). Further, among a plurality of values
arranged in the matrix form, a value located on the m-th row
and the n-th column with the left top taken as a reference may
be referred to as the mxn-th value. Moreover, among a plu-
rality of pixels arranged in the matrix form, a pixel located on
the m-th row and the n-th column with the left top taken as the
reference may be referred to the mxn-th pixel.

Every time image data is inputted from the imaging device
2, the image reducing circuit 20 reduces a size of an image
indicated by the image data, and writes the image data indi-
cating the reduced image alternately into the first storage
circuit 22 and the second storage circuit 23. While the image
data is written into one of the first storage circuit 22 and the
second storage circuit 23, the image data stored in the other of
the first storage circuit 22 and the second storage circuit 23 is
used and face-image detection processing is performed on the
reduced image indicated by the image data in the image
detection section 14. In the present preferred embodiment,
the image reduced in the image reducing circuit 20 becomes
the processing object image. That is, the image indicated by
the image data stored in each of the first storage circuit 22 and
the second storage circuit 23 becomes the processing object
image.

In the processing object image, M2 (M2=z2) pixels are
arrayed in the row direction and N2 (N2=2) pixels are arrayed
in the column direction. In the image reducing circuit 20, the
size of the image indicated by the inputted image data is
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reduced, for example, from 1920 px1080 p to 960 px540 p
and a resolution of the processing object image is thereby
M2=960 and N2=540.

As thus described, with the first storage circuit 22 and the
second storage circuit 23 functioning as a so-called ping-
pong buffer, a processing speed is improved.

<Configuration of Image Detecting Section>

FIG. 4 is a block diagram showing a hardware configura-
tion of the image detection section 14. As shown in FIG. 4, the
image detection section 14 is provided with an image size
adjusting circuit 30, a storage section 31, an evaluation value
map generating circuit 34, a storage circuit 35, a processor 36
and a probability value acquiring circuit 37. The image size
adjusting circuit 30 and the processor 36 are connected to the
bus 10. The storage section 31 is configured of a first storage
circuit 32 and a second storage circuit 33. Each of the first
storage circuit 32 and the second storage circuit 33 is, for
example, a RAM.

Processing by the processor 36 is realized by the processor
36 executing a variety of programs stored in the storage
section 12. In the image detection section 14, a program is not
required for realizing a function of each of the elements (the
image size adjusting circuit 30, etc.) other than the processor
36, and the function of each of the elements is realized only by
hardware. In the image detection device 3 according to the
present preferred embodiment, the function of the element
having “circuit” in its name is realized only by hardware.

The image size adjusting circuit 30 reads image data alter-
nately from the first storage circuit 22 and the second storage
circuit 23 of the image inputting section 13. Upon completion
of'the processing on the processing object image indicated by
the image data read from one of the first storage circuit 22 and
the second storage circuit 23 in the image detection section
14, the image size adjusting circuit 30 reads image data from
the other of the first storage circuit 22 and the second storage
circuit 23, to acquire a next processing object image. Then,
upon completion of the processing on the acquired next pro-
cessing object image in the image detection section 14, the
image size adjusting circuit 30 reads image data from the one
of'the first storage circuit 22 and the second storage circuit 23,
to acquire a next processing image. The image size adjusting
circuit 30 hereafter repeats the same operation as above.

As thus described, since image data are read alternately
from the first storage circuit 22 and the second storage circuit
23, as soon as processing on the processing object image is
completed, processing on the next processing object image
can be started. Accordingly, it is possible to efficiently
execute processing on images sequentially obtained in the
imaging device 2.

In the following, while a series of processing performed in
the image detection section 14 is described, how each consti-
tutional element constituting the image detection section 14
operates in the series of processing will be described. It
should be noted that part or all of later-described processing
performed by the processor 36 may be performed by the
processor 11.

FIG. 5 is a flowchart showing a summary of the series of
processing in the image detection section 14 at the time of the
image detection section 14 detecting a face image from a
processing object image. Every time the image size adjusting
circuit 30 reads image data from the storage section 21, the
series of processing shown in FIG. 5 is performed on a pro-
cessing object image indicated by the image data.

As shown in FIG. 5, with use of a detection frame, the
image detection section 14 performs detection processing on
the processing object image indicated by the image data read
by the image size adjusting circuit 30 from the storage section
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21, to detect a region with a high probability of being a face
image in the same size as that of the detection frame as a
detection result region. Hereinafter, simply mentioning
“detection processing” refers to this detection processing.

Next, in Step s2, the image detection section 14 generates
a later-mentioned output value map based on a result of the
detection processing in Step s1. Then, in Step s3, the image
detection section 14 specifies a face image in the processing
object image based on the output value map generated in Step
s2. Thereby, the face image is detected from the processing
object image, and the processing on the processing object
image is completed.

Upon completion of the processing on the processing
object image in the image detection section 14, image data
indicating the next processing object image is read by the
image size adjusting circuit 30 from the storage section 21.
Then in the image detection section 14, with the image data,
the processing of Steps sl to s3 are executed on the next
processing object image. Hereinafter, the image detection
section 14 operates in the same manner as above.

<Detail of Detection Processing>

Next, the detection processing in Step s1 will be described
in detail. In the present preferred embodiment, the image
detection section 14 performs the detection processing with
use of plural kinds of detection frames in different sizes in
order to detect face images in a variety of sizes in the pro-
cessing object image. For example, 30 kinds of detection
frames are used in the image detection section 14.

In the present preferred embodiment, as described later, the
image detection section 14 obtains a probability value (also
referred to as “detection probability value”) indicative of a
probability that an image is a face image. Then, in the image
detection section 14, it is necessary to use an image in a
reference size (normalized size) for an object image whose
detection probability value is to be found.

On the other hand, in the present preferred embodiment,
the plural kinds of detection frames in different sizes from
each other include a detection frame in the same size as the
reference size and a detection frame in a different size from
the reference size. Hereinafter, the detection frame in the
same size as the reference size is referred to as a “reference
detection frame” and the detection frame in a different size
from the reference size is referred to as a “non-reference
detection frame”. In the present preferred embodiment, a
detection frame in the minimum size out of the plural kinds of
detection frames is set as the reference detection frame.
Therefore, the size of the non-reference detection frame is
larger than the reference size. The size of the reference detec-
tion frame is, for example, 16 px16 p. Further, the plural kinds
of detection frames include, for example, a non-reference
detection frame in a size of 18 px18 p, a non-reference detec-
tion frame in a size of 20 px20 p, and the like.

At the time of performing the detection processing on the
processing object image with use of the reference detection
frame, the image detection section 14 performs face-mage
detection on an image within the reference detection frame,
while moving the reference detection frame in the processing
object image, to determine whether the image has a high
probability of being a face image. Then, the image detection
section 14 takes a region, that it has determined to have a high
probability of being a face image (an image within the refer-
ence detection frame), as a detection result region.

On the other hand, at the time of performing the detection
processing on the processing object image with use of the
non-reference detection frame, the image detection section
14 changes the size of the non-reference detection frame to
the size coincides with the reference size. Then, the image
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detection section 14 changes the size of the processing object
image in accordance with the size change in the non-reference
detection frame. The image detection section 14 performs
face-image detection on an image within the non-reference
detection frame subjected to the size change, while moving
the non-reference detection frame in the non-processing
object image subjected to the size change, to determine
whether the image has a high probability of being a face
image. The image detection section 14 then specifies a region
with a high probability of being a face image in the processing
object image in an original size not subjected to the size
change based on the region determined to have a high prob-
ability of being a face image in the processing object image
subjected to the size change (the image within the non-refer-
ence detection frame after the size change), and takes the
region as a detection result region.

The processing object image after the size change at the
time of the detection processing being performed on the pro-
cessing object image with use of the non-reference detection
frame is hereinafter referred to as a “size-changed image”.
Further, the non-reference detection frame after the size
change at the time of the detection processing being per-
formed on the processing object image with use of the non-
reference detection frame is hereinafter referred to as a “size-
changed detection frame”.

In the image detection section 14, for example, the detec-
tion processing is first performed with use of the reference
detection frame, and the detection processing is then per-
formed with use of each of plural kinds of non-reference
detection frames. Upon acquirement of image data indicating
a processing object image from the image inputting section
13, the image size adjusting circuit 30 stores the image data as
it is into the first storage circuit 32. Then, while the detection
processing is performed on the processing object image indi-
cated by the image data stored in the first storage circuit 32
with use of the reference detection frame, the image size
adjusting circuit 30 reduces the processing object image to
generate a size-changed image corresponding to a subse-
quently used non-reference detection frame, and stores image
data indicating the size-changed image into the second stor-
age circuit 33.

Next, while the processing is performed on the size-
changed image indicated by the image data stored in the
second storage circuit 33 with use of the non-reference detec-
tion frame corresponding thereto, the image size adjusting
circuit 30 reduces the processing object image to generate a
size-changed image corresponding to a subsequently used
non-reference detection frame, and stores image data indicat-
ing the size-changed image into the first storage circuit 32.
Then, while the processing is performed on the size-changed
image indicated by the image data stored in the first storage
circuit 32 with use of the non-reference detection frame cor-
responding thereto, the image size adjusting circuit 30
reduces the processing object image to generate a size-
changed image corresponding to a subsequently used non-
reference detection frame, and stores image data indicating
the size-changed image into the second storage circuit 33.

Hereinafter, the image size adjusting circuit 30 operates in
the same manner as above, to write image data indicating the
generated size-changed images alternately into the first stor-
age circuit 32 and the second storage circuit 33. As thus
described, with the first storage circuit 32 and the second
storage circuit 33 functioning as a so-called ping-pong buffer,
a processing speed is improved.

As thus described, in the present preferred embodiment,
the operation of the image detection section 14 at the time of
the image detection section 14 performing the detection pro-
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cessing on the processing object image with use of the refer-
ence detection frame is different from the operation of the
image detection section 14 at the time of the image detection
section 14 performing the detection processing on the pro-
cessing object image with use of the non-reference detection
frame. Hereinafter, the operation of the image detection sec-
tion 14 will be described in detail.

When using a reference detection frame for the detection
processing, the image detection section 14 sets the reference
detection frame in the processing object image, and obtains a
detection probability value indicative of a probability that an
image within the reference detection frame in the processing
object image is a face image. On the other hand, when using
anon-reference detection frame for the detection processing,
the image detection section 14 sets a size-changed detection
frame, obtained by changing a size of the non-reference
detection frame, in a size-changed image obtained by chang-
ing a size of the processing object image, and obtains a
detection probability value indicative of a probability that an
image within the size-changed detection frame in the size-
changed image is a face image. Hereinafter, an image within
the reference detection frame and an image within the size-
changed detection frame, whose detection probability values
are to be found, may be collectively referred to as an “image
within the frame”.

Here, since the size of the reference detection frame coin-
cides with the reference size, the size of the image within the
reference detection frame in the processing object image is
the reference size. Further, since the size of the size-changed
detection frame coincides with the reference size, the size of
the image within the size-changed detection frame in the
size-changed image is the reference size. Therefore, the
image detection section 14 can always set a size of an object
image whose detection probability value is to be found, as the
reference size. The image detection section 14 obtains a
detection probability value indicative of a probability that the
image within the frame is a face image with use of a weigh
value (also referred to as “weigh coefficient” or “learning
data”) generated based on a learning sample (sample image
for learning) concerning the face image. The detection prob-
ability value indicates a probability that an image within the
reference detection frame or an image within the size-
changed detection frame is a face image (a face). In the image
detection section 14, the detection probability value is found
withuse ofa SVM (Support Vector Machine) or Adaboost, for
example.

In the image detection section 14, the probability value
acquiring circuit 37 obtains the detection probability value.
When the detection probability value found in the probability
value acquiring circuit 37 is not smaller than a threshold, the
processor 36 determines that the image within the frame has
a high probability of being a face image. That is, when the
reference detection frame is used, the processor 36 deter-
mines that the image within the reference detection frame in
the processing object image is a region with a high probability
of'being a face image in the same size as that of the reference
detection frame. Further, when the non-reference detection
frame is used, the processor 36 determines that the image
within the size-changed detection frame in the size-changed
image is a region with a high probability of being a face image
in the same size as that of the size-changed detection frame.

On the other hand when the detection probability value
found in the probability value acquiring circuit 37 is smaller
than the threshold, the processor 36 determines that the image
within the frame has a high probability of not being a face
image. That is, when the reference detection frame is used, the
processor 36 determines that the image within the reference
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detection frame in the processing object image is nota region
with a high probability of being a face image in the same size
as that of the reference detection frame. Further, when the
non-reference detection frame is used, the processor 36 deter-
mines that the image within the size-changed detection frame
in the size-changed image is not a region with a high prob-
ability of being a face image in the same size as that of the
size-changed detection frame.

Hereinafter, the processing of determining whether or not
a detection probability value is not smaller than a threshold,
performed by the processor 36, may be referred to as “prob-
ability value determination processing”.

When determining that the image within the reference
detection frame in the processing object image is a region
with a high probability of being a face image in the same size
as that of the reference detection frame, the processor 36 takes
the image as a detection result region, and takes the reference
detection frame as a detection result frame.

Moreover, when determining that the image within the
size-changed detection frame in the size-changed image is a
region with a high probability of being a face image in the
same size as that of the size-changed detection frame, the
processor 36 takes an outer shape frame of the region as a
provisional detection result frame. Then, the processor 36
specifies a region with a high probability of being a face
image in the same size as that of the non-reference detection
frame in the processing object image as the original image of
the size-changed image based on the provisional detection
result frame, to take the region as a detection result region and
also take an outer shape frame ofthe detection result region as
a final detection result frame.

<Detection Processing with Use of Reference Detection
Frame>

Next, there will be described a series of operations of the
image detection section 14 at the time of the image detection
section 14 determining whether an image within the reference
detection frame has a high probability of being a face image,
while moving the reference detection frame in the processing
object image. FIGS. 6 to 9 are diagrams for explaining the
operations of the image detection section 14. The image
detection section 14 performs the face-image detection on an
image within a reference detection frame while making the
reference detection frame raster-scanned.

As shown in FIG. 6, in the image detection section 14, the
processor 36 first sets a reference detection frame 110 at the
top left of a processing object image 100 indicated by image
data stored in the first storage circuit 32. Then, by control of
the processor 36, the probability value acquiring circuit 37
obtains a detection probability value concerning an image
within the reference detection frame 110 in the processing
object image 100, and outputs the found value to the proces-
sor 36. The processor 36 performs probability value determi-
nation processing with use of the detection probability value
inputted from the probability value acquiring circuit 37, and
as aresult, when the detection probability value is not smaller
than a threshold, the processor 36 determines that a region
within the reference detection frame 110 at the top left of the
processing object image 100 has a high probability of being a
face image, to take the region as a detection result region and
take the reference detection frame 110 being an outer shape
frame of the region as a detection result frame.

Next, the processor 36 moves the reference detection frame
110 slightly to the right in the processing object image 100.
The processor 36 moves the reference detection frame 110 to
the right just by one pixel or a few pixels, for example. Then,
the probability value acquiring circuit 37 obtains a detection
probability value concerning an image within the reference
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detection frame 110 after moved in the processing object
image 100. When the detection probability value found by the
probability value acquiring circuit 37 is not smaller than the
threshold, the processor 36 determines that the image within
the reference detection frame 110 after moved has a high
probability of being a face image, to take the region as a
detection result region and also take the reference detection
frame 110 being an outer shape frame of the image as a
detection result frame.

Thereafter, the image detection section 14 operates in the
same manner as above, and as shown in FIG. 7, when the
reference detection frame 110 moves to the right end of the
processing object image 100, the probability value acquiring
circuit 37 obtains a detection probability value concerning an
image within the reference detection frame 110 at the right
end. When the found detection probability value is not
smaller than the threshold, the processor 36 takes the image
within the reference detection frame 110 at the right end as a
detection result region and also takes the reference detection
frame 110 at the right end as a detection result frame.

Next, as shown in FIG. 8, the processor 36 moves the
reference detection frame 110 to the left end of the processing
object image 100 while slightly getting it down. The proces-
sor 36 moves the reference detection frame 110 downward
just by one pixel or a few pixels, for example, in a vertical
direction (column direction). Then, the probability value
acquiring circuit 37 obtains a detection probability value
concerning an image within the current reference detection
frame 110. When the found detection probability value is not
smaller than the threshold, the processor 36 determines that
the image within the current reference detection frame 110
has a high probability of being a face image, to take the image
as a detection result region and also take the reference detec-
tion frame 110 as a detection result frame.

Subsequently, the image detection section 14 operates in
the same manner as above, and as shown in FIG. 9, when the
reference detection frame 110 moves to the bottom right of
the processing object image 100, the probability value acquir-
ing circuit 37 obtains a detection probability value concerning
an image within the reference detection frame 110 at the right
end. When the found detection probability value is not
smaller than the threshold, the processor 36 takes the image
within the reference detection frame 110 at the bottom right as
a detection result region and takes the reference detection
frame at the bottom right as a detection result frame.

As thus described, with use of the reference detection
frame, the image detection section 14 detects in the process-
ing object image a region with a high probability of being a
face image in the same size as that of the reference detection
frame, as a detection result region. In other words, with use of
the reference detection frame, the image detection section 14
specifies the face image in the same size as that of the refer-
ence detection frame in the processing object image.

<Detection Processing with Use of Non-Reference Detec-
tion Frame>

When the image detection section 14 performs the detec-
tion processing with use of a non-reference detection frame,
the processor 36 changes a size of the non-reference detection
frame such that the size of the non-reference detection frame
coincides with the reference size (the size of the reference
detection frame). Further, the image size adjusting circuit 30
changes a size of the processing object image at the same ratio
as a ratio of the size change in the non-reference detection
frame, and stores image data indicating a size-changed image
obtained thereby into the first storage circuit 32 or the second
storage circuit 33.
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In the present embodiment, since the reference size is 16
px16 p, for example when a non-reference detection frame in
a size of R pxR p (R>16) is to be used, the processor 36
multiples each of a longitudinal width (width in the vertical
direction) and a lateral width (width in the horizontal direc-
tion) of the non-reference detection frame by 16/R, to reduce
the non-reference detection frame and generate a size-
changed detection frame. Then, the image size adjusting cir-
cuit 30 multiples each of a longitudinal width (number of
pixels) and a lateral width (number of pixels) of the process-
ing object image by 16/R, to reduce the processing object
image and generate a size-changed image.

In the same manner as in the foregoing processing
described using FIGS. 6 to 9, the image detection section 14
obtains a detection probability value concerning an image
within the size-changed detection frame, while moving the
size-changed detection frame in the size-changed image indi-
cated by image data stored in the first storage circuit 32 or the
second storage circuit 33. Then in the image detection section
14, based on the found detection probability value, the pro-
cessor 36 determines whether the image within the size-
changed detection frame has a high probability of being a face
image in the same size as that of the size-changed detection
frame. That is, with use of the size-changed detection frame,
the image detection section 14 performs processing of detect-
ing a region with a high probability of being the face image in
the same size as that of the size-changed detection frame in
the size-changed image. Hereinafter, this processing is
referred to as “size-change version detection processing”.
Further, a reference detection frame and a size-changed
detection frame which are used for acquiring a detection
probability value concerning an image within the frame are
collectively referred to as a “probability value acquirement
frame”. The probability value acquirement frame does not
include a non-reference detection frame before a size change.

In the size-change version detection processing, when the
image detection section 14 sets a size-changed detection
frame in a size-changed image and determines that an image
within the size-changed detection frame has a high probabil-
ity of being a face image in the same size as that of the
size-changed detection frame, the processor 36 takes an outer
shape frame of the image as a provisional detection result
frame.

When acquiring at least one provisional detection result
frame in the size-changed image, the processor 36 converts
the at least one provisional detection result frame to a detec-
tion result frame according to the processing object image
being served as an original of the size-changed image.

Specifically, the processor 36 first sets at least one obtained
provisional detection result frame, having been obtained, in
the size-changed image. FIG. 10 is a diagram showing a state
where a provisional detection result frame 130 is set in a
size-changed image 120. In the example of FIG. 10, a plural-
ity of provisional detection result frames 130 are set in the
size-changed image 120.

As shown in FIG. 11, the processor 36 next enlarges
(changes a size of) the size-changed image 120 which is set
with the provisional detection result frames 130 to get the size
back to the original one, thereby converting the size-changed
image 120 to the processing object image 100. Hence the
provisional detection result frames 130 set in the size-
changed image 120 is also enlarged, and as shown in FIG. 11,
the provisional detection result frame 130 is converted to a
detection result frame 150 in accordance with the processing
object image 100. A region within the detection result frame
150 in the processing object image 100 becomes a detection
result region with a high probability of being a face image in
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the same size as that of the non-reference detection frame in
the processing object image 100. Accordingly, in the image
detection section 14, a detection result region with a high
probability of being a face image in the same size as that of the
non-reference detection frame in the processing object image
is specified based on the provisional detection result frame
130 obtained by the size-change version detection process-
ing.

As thus described, at the time of performing the detection
processing on the processing object image with use of the
non-reference detection frame, the image detection section
14 performs the size-change version detection processing
with use of the non-reference detection frame whose size has
been changed so as to coincide with the reference size, and the
processing object image whose size has been changed in
accordance with the size change in the non-reference detec-
tion frame. Accordingly, even when a detection frame in a
different size from the reference size is to be used, the image
detection section 14 can obtain a detection probability value
concerning an image in the reference size. Accordingly, the
image detection section 14 specifies a detection result region
with a high probability of being a face image in the same size
as that of the non-reference detection frame in the processing
object image based on a result of the size-change version
detection processing. Hence the detection processing with
use of the non-reference detection frame is performed in the
image detection section 14.

The image detection section 14 first executes such detec-
tion processing as above with use of the reference detection
frame, and then performs it by respective use of plural kinds
of non-reference detection frames in sequence. Therefore,
when a face image is included in the processing object image,
a detection result region (a region with a high probability of
being a face image) and a detection result frame (an outer
shape frame of the region with a high probability of being the
face image) are obtained, while a detection probability value
corresponding to the detection result frame is obtained. The
detection probability value corresponding to the detection
result frame, obtained concerning the processing object
image, indicates a probability that an image within the detec-
tion result frame in the processing object image is a face
image.

FIG. 12 is a view showing a state where the detection result
frames 150 obtained concerning the processing object image
100 are arranged as superimposed on the processing object
image 100. As shown in FIG. 12, by performing the detection
processing with use of plural kinds of detection frames in
different sizes from one another, the detection result frames
150 in a variety of sizes are obtained. This means that face
images in a variety of sizes included in the processing object
image 100 have been detected.

<Output Value Map Generation Processing>

Next, generation processing for an output value map in
Step s2 will be described. In the image detection section 14,
based on a result of the detection processing with use of plural
kinds of detection frames, the processor 36 generates an
output value map showing distribution in a processing object
image concerning detection probability values each indica-
tive of a probability as a face image (a probability of being a
face image).

Here, as described later, in the detection processing with
use of the reference detection frame, namely in calculation
processing for a detection probability value concerning an
image within the reference detection frame, a processing
object image in a size of (M2-2) px(N2-2) p, which is
smaller than an original size of (M2 pxN2 p) just by one pixel
on the periphery, is practically used. That is, in the foregoing
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detection processing described using FIGS. 6 to 9, there is
used a processing object image which is smaller than the
original size just by one pixel on the periphery. This process-
ing object image is especially referred to as a “calculating
processing object image”. The processing object image 100
shown in each of FIGS. 6 to 9 is practically a “calculating
processing objectimage”. Further, in the detection processing
with use of the non-reference detection frame, namely in
calculation processing for a detection probability value con-
cerning an image within the non-reference detection frame, a
size-changed image in a size smaller than a size of the size-
changed image found as described above just by one pixel on
the periphery is practically used. Hereinafter, this size-
changed image will be especially referred to as a “calculating
size-changed image”.

At the time of generating an output value map, the proces-
sor 36 thinks of a map 160 made up of a total of (M2-2)x
(N2-2)) values which are (M2-2) values arrayed in the row
direction and (N2-2) values arrayed in the column direction
in the same manner as in the calculating processing object
image. Then, the processor 36 takes one detection result
frame in the processing object image as an object detection
result frame, and sets a frame 170 in the same size as that of
the object detection result frame in the map 160. FIG. 13 is a
diagram showing a state where the frame 170 has been set in
the map 160.

Next, the processor 36 decides each value outside the frame
170 in the map 160 to be “0”, and decides each value inside
the frame 170 with use of a detection probability value cor-
responding to the object detection result frame (a detection
probability value obtained as a result of performing face-
image detection on an image within a detection frame having
become the object detection result frame). When the size of
the object detection result frame is, for example, 16 px16 p,
16 values in the row direction and 16 values in the column
direction, a total of 256 values, exist within the frame 170.
Further, when the size of the object detection result frame is,
for example, 20 px20 p, 20 values in the row direction and 20
values in the column direction, a total of 400 values, exist
within the frame 170. FIG. 14 is a diagram for explaining a
method for deciding each value within the frame 170.

The processor 36 sets a value of a center 171 within the
frame 170 as a detection probability value corresponding to
the object detection result frame. Then the processor 36
makes a plurality of values other than that within the frame
170 gradually become smaller from the center 171 within the
frame 170 outward in accordance with a normal distribution
curve having the value of the center 171 of the frame 170 set
as the maximum value. Accordingly, each of a plurality of
values constituting the map 160 is decided, to complete the
map 160 corresponding to the object detection result frame.

As thus described, the processor 36 generates a plurality of
maps 160 respectively corresponding to a plurality of detec-
tion result frames concerning the processing object image.
The processor 36 then synthesizes the generated plurality of
maps 160, to generate an output value map.

Specifically, the processor 36 adds the mxn-th value of the
generated plurality of maps 160, and takes an addition value
obtained thereby as the mxn-th detection probability value of
the output value map. In such a manner, the processor 36
obtains each detection probability value constituting the out-
put value map. This leads to completion of the output value
map showing distribution of the detection probability values
in the processing object image. The output value map is
configured of (M2-2)x(N2-2)) detection probability values,
as is the calculating processing object image. By referencing
the output value map, a region with a high probability of being
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a face image can be specified in the processing object image.
That is, by referencing the output value map, a face image in
the processing object image can be specified.

FIG. 15 is a view showing an output value map concerning
the processing object image 100, as superimposed on the
processing objectimage 100. In FIG. 15, the output value map
is shown as magnitudes of detection probability values are
divided into five stages from a first stage to a fifth stage, for
example. In the output value map shown in FIG. 15, a region
with a detection probability value belonging to the fifth stage
for the largest detection probability value is indicated by
sandy hatching, and a region belonging to the fourth stage for
the second largest detection probability value is indicated by
left-up hatching. Further, in the output value map of FIG. 15,
a region with a detection probability value belonging to the
third stage for the third largest detection probability value is
indicated by right-up hatching, and a region belonging to the
second stage with the fourth largest detection probability
value is indicated by vertically linear hatching. Then, in the
output value map shown in FIG. 15, a region with a detection
probability value belonging to the first stage for the smallest
detection probability value is not indicated by hatching.

In the output value map shown in FIG. 15, a detection
probability value in a region corresponding to a face image in
the processing object image 100 is high. This means that face
images included in the processing object image 100 have
been appropriately detected.

When the output value map is generated in Step s2 in such
a manner, the processor 36 specifies a face image in the
processing object image based on the output value map in
Step s3. Specifically, in the output value map, the processor
36 specifies a region whose detection probability value is not
smaller than a threshold, and identifies as a face image a
region existing in the same position as the above region in the
processing object image. Then, at the time of displaying the
processing object image in a display device not shown, the
processor 36 makes a rectangular frame or the like surround
the face image in the processing object image.

As thus described, in the present preferred embodiment,
the processor 36 specifies a face image in the processing
object image based on a detection probability value found
concerning the processing object image. Hence the processor
36 functions as a specification section for specifying a detec-
tion object image (specific image) in the processing object
image.

It is to be noted that the processor 36 may compare a
previously registered face image with a face image specified
in the processing object image, to determine whether or not
those images coincide with each other. When the previously
registered face image and the face image specified in the
processing object image do not coincide with each other, the
processor 36 may perform mosaic processing on the face
image in the processing object image and then display the
processing object image in the display device. Hence in the
case of using the image detection device 3 according to the
present preferred embodiment for a monitoring camera sys-
tem, even when a face image of a next-door neighbor is
photographed by the monitoring camera, it is possible to
make the face image unidentifiable. That is, it is possible to
realize privacy masking.

Although a face image is specified in the processing object
image based on the output value map in the present preferred
embodiment, the face image in the processing object image
may be specified without the output value map being gener-
ated. For example, the processor 36 integrates a plurality of
detection result regions (detection result frames) close to one
another by means of clustering by Mean-Shift method as well

10

15

20

25

30

35

40

45

50

55

60

18

as Nearest Neighbor method, to specify as a face image an
image within the detection result region (detection result
frame) after integrated in the processing object image. Even
in such a case, the detection result region is obtained based on
the detection probability value, and hence it can be said that
the processor 36 specifies a face image in the processing
object image based on the detection probability value found
concerning the processing object image.

<Detection Probability Value Acquiring Processing>

Next, a detailed description will be provided on how to
obtain a detection probability value. In the image detection
section 14, the evaluation value map generating circuit 34
reads image data indicating a processing object image from
the first storage circuit 32, and based on the image data, it
generates an evaluation value map corresponding to the pro-
cessing object image and made up of a plurality of evaluation
values. Positions different from one another are allocated to
the plurality of evaluation values constituting the evaluation
value map, resulting in that the plurality of evaluation values
are arrayed in the matrix form. In the image detection section
14, with use of this evaluation value map, a detection prob-
ability value concerning an image within the reference detec-
tion frame in the processing object image is obtained. Here-
inafter, this evaluation value map corresponding to the
processing object image and the reference detection frame
may be especially referred to as a “reference evaluation value
map”.

Further, the evaluation value map generating circuit 34
reads image data indicating a size-changed image from the
first storage circuit 32 or the second storage circuit 33, and
based on the image data, it generates an evaluation value map
corresponding to the size-changed image and made up of a
plurality of evaluation values. Positions different from one
another are also allocated to the plurality of evaluation values
constituting this evaluation value map, resulting in that the
plurality of evaluation values are arrayed in the matrix form.
In the image detection section 14, with use of this evaluation
value map, a detection probability value concerning an image
within the size-changed frame in the size-changed image is
obtained. Hereinafter, this evaluation value map correspond-
ing to the size-changed image, namely this evaluation value
map corresponding to the non-reference detection frame,
may be especially referred to as a “non-reference evaluation
value map”. In the image detection section 14, a non-refer-
ence evaluation value map is generated concerning each of
plural kinds of non-reference detection frames.

A plurality of evaluation values included in the reference
evaluation value map respectively represent characteristics of
a plurality of pixels included in the processing object image.
That is, each evaluation value in the reference evaluation
value map indicates a characteristic amount of the corre-
sponding pixel in the processing object image.

Further, a plurality of evaluation values included in the
non-reference evaluation value map respectively represent
characteristics of a plurality of pixels included in the size-
changed image corresponding to the non-reference evalua-
tion value map. That is, each evaluation value in the non-
reference evaluation value map indicates a characteristic
amount of the corresponding pixel in the size-changed image.

In the present preferred embodiment, the evaluation value
is a value indicating the relations that a pixel value of a target
pixel has with a plurality of pixel values on the periphery of
the target pixel. Hereinafter, the pixel value of the target pixel
may be referred to as a “target pixel value”. Further, the pixel
value on the periphery of the target pixel may be referred to as
a “peripheral pixel value”. In the present preferred embodi-
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ment, for example, peripheral pixel values in eight directions
on the periphery of the target pixel are used for acquirement
of an evaluation value.

<Method for Generating Evaluation Value Map>

The reference evaluation value map is generated from the
processing object image. The reference evaluation value map
is configured of a plurality of evaluation values in total of
((M2-2)x(N2-2)), which are (M2-2) evaluation values
arrayed in the row direction and (N2-2) evaluation values
arrayed in the column direction, in the same manner as in the
calculating processing object image. The plurality of evalua-
tion values constituting the reference evaluation value map
respectively represent characteristics of a plurality of pixels
constituting the calculating processing object image. Specifi-
cally, the mxn-th evaluation value in the reference evaluation
value map represents characteristics of the mxn-th pixel in the
calculating processing object image. In the present preferred
embodiment, each evaluation value in the reference evalua-
tion value map shows the relations that a pixel value of a target
pixel has with a plurality of peripheral pixels in a case where
a pixel corresponding to the evaluation value is taken as the
target pixel.

Further, a plurality of evaluation values, constituting the
non-reference evaluation value map that corresponds to the
non-reference detection frame and arranged in the matrix
form, respectively represent characteristics of a plurality of
pixels constituting a calculating size-changed image obtained
by making smaller a size-changed image corresponding to the
non-reference detection frame (a processing object image
subjected to a size change just at the same ratio as a size
change ratio of the non-reference detection frame) just by one
pixel on the periphery. An array of the plurality of evaluation
values in the non-reference evaluation value map is the same
as an array of the plurality of pixels constituting the calculat-
ing size-changed image. The mxn-th evaluation value in the
non-reference evaluation value map represents characteris-
tics of the mxn-th pixel in the calculating size-changed
image. In the present preferred embodiment, each evaluation
value in the non-reference evaluation value map indicates the
relations that a pixel value of a target pixel has with a plurality
of peripheral pixels in a case where a pixel corresponding to
the evaluation value is taken as the target pixel.

At the time of generating the reference evaluation value
map, the evaluation value map generating circuit 34 sets a
calculating frame 200 in a size of 3 px3 p at the top left of the
processing object image 100, as shown in FIG. 16. The evalu-
ation value map generating circuit 34 then takes a pixel at the
center of nine pixels within the calculating frame 200 as a
target pixel.

Subsequently, the evaluation value map generating circuit
34 obtains an evaluation value indicating the relations
between a pixel value of the target pixel and eight peripheral
pixel values around the target pixel. As the eight peripheral
pixel values, the evaluation value map generating circuit 34
uses a pixel value of a pixel on the top left of the target pixel,
a pixel value of a pixel on the immediate top thereof, a pixel
value of a pixel on the top right thereof, a pixel value ofa pixel
onthe right thereof, a pixel value of a pixel on the bottom right
thereof, a pixel value of a pixel on the immediate bottom
thereof, a pixel value of a pixel on the bottom left thereof, and
a pixel value of a pixel on the left thereof. In the present
preferred embodiment, the evaluation value is represented by
eight bits. Then, the evaluation value map generating circuit
34 takes the found evaluation value as the 1x1-th value of the
reference evaluation value map which represents character-
istics of a pixel at the center within the calculating frame 200,
namely the 1x1-th pixel of the calculating processing object
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image. As the evaluation value, for example, LBP or LTP may
be used. A detailed description will be provided on how to
obtain LBP and LTP.

FIG. 17 is a diagram showing an example of a pixel value
concerning nine pixels within the calculating frame 200. In
the present preferred embodiment, a pixel value to be used in
acquirement of an evaluation value is, for example, a lumi-
nance. Further, in the present preferred embodiment, the pixel
value is represented by eight bits. Hence the pixel value takes
a value from “0” to “255” when represented by a decimal
number. In addition, the pixel value may be a color difference
component. Hereinafter, a value such as a pixel value will be
a value represented by a decimal number unless otherwise
stated.

In the example of FIG. 17, a target pixel value 210 is “57”.
Further, a pixel value of a pixel on the top left of the target
pixel, a pixel value of a pixel on the immediate top thereof, a
pixel value of a pixel on the top right thereof, a pixel value of
a pixel on the right thereof, a pixel value of a pixel on the
bottom right thereof, a pixel value of a pixel on the immediate
bottom thereof, a pixel value of a pixel on the bottom left
thereof and a pixel value of a pixel on the left thereof are
respectively “507, “557, “657, “757, “79” <597, “48” and
“497.

When obtaining an evaluation value corresponding to the
calculating frame 200 located at the left top of the processing
object image 100, the evaluation value map generating circuit
34 moves the calculating frame 200 to the right just by one
pixel in the processing object image 100. Next, the evaluation
value map generating circuit 34 then takes a pixel at the center
of nine pixels within the moved calculating frame 200 as a
target pixel, and obtains an evaluation value indicating the
relations that the target pixel value has with eight peripheral
pixel values. Then, the evaluation value map generating cir-
cuit 34 takes the found evaluation value as the 1x2-th value of
the reference evaluation value map which represents charac-
teristics of a pixel at the center within the calculating frame
200 after moved, namely the 1x2-th pixel of the calculating
processing object image.

The evaluation value map generating circuit 34 further
moves the calculating frame 200 to the right just by one pixel
in the processing object image 100. Next, the evaluation value
map generating circuit 34 then takes a pixel at the center of
nine pixels within the moved calculating frame 200 as a target
pixel, and obtains an evaluation value indicating the relations
that the target pixel value has with eight peripheral pixel
values. Then, the evaluation value map generating circuit 34
takes the found evaluation value as the 1x3-th value of the
reference evaluation value map which represents character-
istics of a pixel at the center within the calculating frame 200
after moved, namely the 1x3-th pixel of the calculating pro-
cessing object image.

Thereafter, the evaluation value map generating circuit 34
makes the calculating frame 200 raster-scanned by each one
pixel to the bottom right of the processing object image 100,
and takes a pixel at the center of the calculating frame 200 as
atarget pixel to obtain an evaluation value at each position of
the calculating frame 200. Hence a plurality of evaluation
values respectively representing characteristics of a plurality
of'pixels constituting the calculating processing object image,
namely a plurality of pixels except for peripheral one pixels in
the processing object image, are generated, to complete a
reference evaluation value map made up of the plurality of
evaluation values. The evaluation value map generating cir-
cuit 34 stores the generated reference evaluation value map
into the storage circuit 35. It is to be noted that, as for the
peripheral one pixels of the processing object image, each of
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those pixels does not become a target pixel, and hence an
evaluation value representing each of those pixels cannot be
found.

At the time of generating the non-reference evaluation
value map corresponding to the non-reference detection
frame, the evaluation value map generating circuit 34 sets the
calculating frame 200 in a size-changed image corresponding
to the non-reference detection frame instead of setting the
calculating frame 200 in the processing object image. Then in
the same manner as above, while making the calculating
frame 200 raster-scanned in the size-changed image by each
one pixel, the evaluation value map generating circuit 34
makes an evaluation value at each position of the calculating
frame 200. Hence a plurality of evaluation values respectively
representing characteristics of a plurality of pixels constitut-
ing the calculating size-changed image that corresponds to
the non-reference detection frame, namely a plurality of pix-
els except for peripheral one pixels in the size-changed image
that corresponds to the non-reference detection frame, are
generated to complete a non-reference evaluation value map
made up of the plurality of evaluation values and correspond-
ing to the non-reference detection frame. By sequentially
reading image data indicating size-changed images from the
storage section 31, the evaluation value map generating cir-
cuit 34 generates a plurality of non-reference evaluation value
maps respectively corresponding to plural kinds of non-ref-
erence detection frames. The evaluation value map generat-
ing circuit 34 stores the generated non-reference evaluation
value map into the storage circuit 35. It is to be noted that, as
for the peripheral one pixels of the size-changed image, each
of those pixels does not become a target pixel, and hence an
evaluation value representing characteristics of each of those
pixels cannot be found.

<Specific Examples of Evaluation Value>

Next, LBP and LTP used as an evaluation value will be
described.

<LBP>

When LBP is to be generated, one bit (hereinafter referred
to as “relation display bit”) indicating the relation between
each of a plurality of peripheral pixel values and a target pixel
value is generated concerning each peripheral pixel value. A
value of the relation display bit is taken as “1”” when a differ-
ence value obtained by subtracting the target pixel value from
the peripheral pixel value is not smaller than zero, and a value
of' the relation display bit is taken as “0” when the difference
value is smaller than zero. Then, an eight-bit binary code
(hereinafter referred to as “relation display code”) made up of
the plurality of relation display bits obtained concerning the
plurality of peripheral pixel values becomes LBP, and the
LBP is taken as an evaluation value. Specifically, a value
representing the relation display code as the LBP by a decimal
number is taken as an evaluation value.

For example, it is assumed that the target pixel value 210
and a plurality of peripheral pixels 220 as shown in FIG. 17
are obtained concerning the plurality of peripheral pixels
within the calculating frame 200. The evaluation value map
generating circuit 34 obtains a difference value 250 concern-
ing each peripheral pixel value 220, which is obtained by
subtracting the target pixel value 210 from the peripheral
pixel value 220. As shown in FIG. 18, the difference values
250 between the target pixel value 210 and the peripheral
pixels 220 on the top left, the immediate top, the top right, the
right, the bottom right, the immediately bottom, the bottom
left and the left are respectively “-77, “=27, “8”, “18”, “22”,
“27,“~9” and “-8”. Then, the evaluation value map generat-
ing circuit 34 compares each of the found plurality of difter-
ence values 250 (eight difference values 250 in the present
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example) with zero. The evaluation value map generating
circuit 34 takes a value of a relation display bit 260 concern-
ing the peripheral pixel value 220 as “1” when the difference
value 250 concerning the peripheral pixel value 220 is not
smaller than zero, and takes a value of the relation display bit
260 concerning the peripheral pixel value 220 as “0” when the
difference value 250 is smaller than zero. In the example of
FIG. 18, as shown in FIG. 19, the relation display bit 260
concerning the peripheral pixel value 220 on the top left, the
immediate top, the top right, the right, the bottom right, the
immediately bottom, the bottom left and the left are respec-
tively “07, “0”, “17, “17, “17, “1”, “0” and “0”. Then, the
evaluation value map generating circuit 34 arrays the plural-
ity of relation display bits 260 found concerning the plurality
of'peripheral pixels 220 in a predetermined order, to generate
an eight-bit relation display code as the LBP. When obtaining
the relation display code, the evaluation value map generating
circuit 34 takes a value representing the relation display code
by a decimal number as an evaluation value representing
characteristics of the target pixel. In the present preferred
embodiment, for example, the obtained eight relation display
bits 260 are arrayed in the order of the relation display bit 260
of the peripheral pixel value 220 on the top left, the relation
display bit 260 of the peripheral pixel value 220 on the imme-
diate top, the relation display bit 260 of the peripheral pixel
value 220 on the top right, the relation display bit 260 of the
peripheral pixel value 220 on the right, the relation display bit
260 of the peripheral pixel value 220 on the bottom right, the
relation display bit 260 of the peripheral pixel value 220 on
the immediate bottom, the relation display bit 260 of the
peripheral pixel value 220 on the bottom left and the relation
display bit 260 of the peripheral pixel value 220 on the left, to
generate the relation display code. In the example of the pixel
values of FIG. 17, as shown in F1G. 19, “00111100” becomes
the relation display code, and a value “60” representing it by
a decimal number becomes the evaluation value representing
characteristics of the target pixel.

As is understandable from the above description, the LBP
can be said to indicate a state (distribution state) of pixel
values on the periphery of the target pixel. Hence the LBP can
be said to indicate a local texture. Hereinafter, an evaluation
value map with LBP (to be exact, a value representing it by a
decimal number) taken as each evaluation value is referred to
as an “LBP map”.

FIG. 20 is a view showing one example of the processing
object image 100. FIG. 21 is a view showing an example of a
grayscale LBP map image 180 obtained by imaging the LBP
map, generated based on the processing object image 100
shown in FIG. 20, by taking as a luminance each evaluation
value in the LBP map. A texture concerning the processing
object image 100 can be read from the LBP map image 180
shown in FIG. 21.

<LTP>

Differently from the LBP, when LTP is to be generated,
ternary data indicating the relation between each of a plurality
of'peripheral pixel values and a target pixel value is generated
concerning each peripheral pixel value. Here, in the LTP, an
offset value is used when the ternary data indicating the
relation between each of the peripheral pixel values and the
target pixel value is generated in order to suppress an effect of
a noise.

Specifically, when the absolute value of the difference
value between the peripheral pixel value and the target pixel
value is smaller than a predetermined offset value, a value of
ternary data is taken as “0”. Further, when the absolute value
of'the difference value between the peripheral pixel value and
the target pixel value is not smaller than the predetermined
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offset value and the peripheral pixel value is larger than the
target pixel value, the value of the ternary data is taken as “1”.
That is, when the peripheral pixel value is not smaller than a
value obtained by adding the offset value to the target pixel
value, the value of ternary data is taken as “1”. Further, when
the absolute value of the difference value between the periph-
eral pixel value and the target pixel value is not smaller than
the predetermined offset value and the peripheral pixel value
is smaller than the target pixel value, the value of the ternary
data is taken as “~1”. That is, when the peripheral pixel value
is not larger than a value obtained by subtracting just the
offset value from the target pixel value, the value of ternary
data is taken as “-1”. The offset value is set as <57, for
example.

As thus described, by provision of the offset value at the
time of determination of the magnitude correlation between
the target pixel value and the peripheral pixel value, even
when at least one of the target pixel value and the peripheral
pixel value is affected by noise, it is possible to suppress
erroneous determination of the magnitude correlation.

The LTP is a ternary code obtained by arraying, in a pre-
determined order, a plurality of ternary data found concerning
a plurality of peripheral pixel values. For example, a ternary
data code, obtained by arraying the ternary data in the order of
the ternary data of the peripheral pixel value on the top left,
the ternary data of the peripheral pixel value on the immediate
top, the ternary data of the peripheral pixel value on the top
right, the ternary data of the peripheral pixel value on the
right, the ternary data of the peripheral pixel value on the
bottom right, the ternary data of the peripheral pixel value on
the immediate bottom, the ternary data of the peripheral pixel
value on the bottom left and the ternary data of the peripheral
pixel value on the left, is taken as the LTP.

FIG. 22 is a diagram showing a plurality of ternary data 270
respectively corresponding to a plurality of peripheral pixels
values 220 in a case where the target pixel value 210 and the
plurality of peripheral pixels values 220 as shown in FIG. 17
above are obtained. In the example of FIG. 22, the LTP is
(-DO1110(-1)(-1).

When the LTP is used as an evaluation value, the LTP is not
used as it is, but either one of a positive LTP and a negative
LTP obtained from the LTP is used.

The positive LTP is one obtained by focusing attention only
on “1” included in the LTP and converting the LTP to a binary
code. Specifically, in the LTP, values other than “1” are all
converted to “0”, and a binary code obtained thereby becomes
the positive LTP. FIG. 23 is a diagram showing a positive LTP
corresponding to the LTP shown in FIG. 22. Inthe LTP shown
in FI1G. 22, namely (-1)01110(-1)(-1), when the values other
than “1” are all converted to “0”, a positive LTP “00111000”
is obtained as shown in FIG. 23. Eight bits constituting the
positive LTP respectively correspond to, sequentially from
the high-order digit, the peripheral pixel value on the top left,
the peripheral pixel value on the immediate top, the peripheral
pixel value on the top right, the peripheral pixel value on the
right, the peripheral pixel value on the bottom right, the
peripheral pixel value on the immediate bottom, the periph-
eral pixel value on the bottom left and the peripheral pixel
value on the left.

As is understandable from the above description, each bit
of'the positive LTP indicates the relation between the periph-
eral pixel value and a target pixel value corresponding to the
bit. Then, each bit of the positive LTP is taken as “1”” when the
peripheral pixel value corresponding thereto is not smaller
than a value obtained by adding just the offset value to the
target pixel value, and it is taken as “0” when the peripheral
pixel value is smaller than the obtained value. It can thus be
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said that the positive LTP indicates a state (distribution state)
of pixel values, larger than the pixel value of the target pixel,
on the periphery of'the target pixel. Therefore, similarly to the
LBP, the positive LTP can also be said to indicate a local
texture. The evaluation value map generating circuit 34 uses
avalue representing the positive LTP by a decimal number as
an evaluation value. In the example of FIG. 23, a value “56”,
representing the binary code “00111000” by a decimal num-
ber, is taken as the evaluation value. Hereinafter, an evalua-
tion value map with a positive LTP (to be exact, a value
representing it by a decimal number) taken as each evaluation
value is referred to as a “positive LTP map”.

On the other hand, the negative LTP is one obtained by
focusing attention only on “-1” included in the L'TP and
converting the LTP to a binary code. Specifically, in the LTP,
the values other than “4” are all converted to “07, “~1” is
convertedto “1”, and a binary code obtained thereby becomes
the negative LTP. FIG. 24 is a diagram showing a negative
LTP corresponding to the LTP shown in FIG. 22. In the LTP
shown in FIG. 22, namely (-1)01110(-1)(~1), when “-1" is
converted to “1” while the values other than “-1” are all
converted to “0”, a negative LTP “10000011” is obtained as
shown in FIG. 24. Eight bits constituting the negative LTP
respectively correspond to, sequentially from the high-order
digit, the peripheral pixel value on the top left, the peripheral
pixel value on the immediate top, the peripheral pixel value on
the top right, the peripheral pixel value on the right, the
peripheral pixel value on the bottom right, the peripheral pixel
value on the immediate bottom, the peripheral pixel value on
the bottom left and the peripheral pixel value on the left.

As is understandable from the above description, each bit
of the negative LTP also indicates the relation between the
peripheral pixel value and a target pixel value corresponding
to the bit. Then, each bit of the negative LTP is taken as “1”
when the peripheral pixel value corresponding thereto is not
larger than a value obtained by subtracting just the offset
value from the target pixel value, and it is taken as “0” when
the peripheral pixel value is larger than the obtained value. It
can thus be said that the negative LTP indicates a state (dis-
tribution state) of pixel values, smaller than the pixel value of
the target pixel, on the periphery ofthe target pixel. Therefore,
similarly to the LBP and the positive LTP, the negative LTP
can also be said to indicate a local texture. The evaluation
value map generating circuit 34 uses a value representing the
negative TP by a decimal number as an evaluation value. In
the example of FIG. 24, a value “131” representing the binary
code “10000011” by a decimal number is taken as the evalu-
ation value. Hereinafter, an evaluation value map with a nega-
tive LTP (to be exact, a value representing it by a decimal
number) taken as each evaluation value is referred to as a
“negative LTP map”.

FIG. 25 is a view showing an example of a grayscale
positive LTP map image 190p obtained by imaging the posi-
tive LTP map, generated based on the processing object
image 100 shown in FIG. 20, by taking as a luminance each
evaluation value in the positive LTP map. FIG. 26 is a view
showing an example of a grayscale negative LTP map image
1907 obtained by imaging the negative LTP map, generated
based on the processing object image 100 shown in FIG. 20,
by taking as a luminance each evaluation value in the negative
LTP map. A texture concerning the processing object image
100 can be read from the positive LTP map image 190p shown
in FIG. 25 and the negative LTP map image 190z shown in
FIG. 26.

Hereinafter, when it is not particularly necessary to distin-
guish the LBP, the negative LTP and the positive LTP, each
one may be referred to as a “texture representing code”.
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<About “Uniform”>

As described above, in the present preferred embodiment,
the evaluation value is represented by eight bits, and hence it
can take 256 kinds of values from 0 to 255.

On the other hand, as is understandable from the later-
mentioned description, a processing amount in processing to
obtain a detection probability value concerning an image
within the frame depends on the number of kinds of values
that the evaluation value can take. Therefore, to limit the
number ofkinds of values that the evaluation value can take is
effective for reducing the processing amount in the image
detection section 14.

Thereat, an idea of “uniform”, which may be used at the
time of obtaining LBP or LTP, is used to consider limiting
(reducing) the number of kinds of values that the evaluation
value can take. Hereinafter, there will be described limit of the
number of kinds of values that the evaluation value can take,
with use of “uniform”.

First, the number of times of bit change (bit inversion) at
the time of sequentially looking at eight bits constituting a
texture representing code such as LBP. A direction in which
the eight bits constituting the texture representing code are
looked at may be a direction from the high-order digit to the
low-order digit or may be a direction from the low-order digit
to the high-order digit. Then, when the number of times of bit
change found concerning the texture representing code is not
larger than two, the texture representing code is taken as being
“uniform”. On the other hand, when the number of times of
bit change found concerning the texture representing code
exceeds two, namely the number of times is not smaller than
three, the texture representing code is taken as not being
“uniform”.

As for the texture representing code taken as being “uni-
form”, a value representing the texture representing code by a
decimal number is taken as an evaluation value.

On the other hand, the texture representing code taken as
not being “uniform” is taken as one generated based on a
target pixel value and a peripheral pixel value affected by
noise and will not be used as an evaluation value. The texture
representing code taken as not being “uniform” is converted
to an eight-bit specific binary code, and a value representing
the specific binary code by a decimal number is taken as an
evaluation value. This specific binary code can be any one so
long as being an eight-bit binary code other than an eight-bit
binary code taken as being “uniform”. For example,
“10101010” is adopted as the specific binary code.

For example, it is assumed that the texture representing
code is “01000000”. When “01000000” is looked at sequen-
tially from the high-order digit, for example, a change is made
from “0” to “1” between the first bit and the second bit from
the high-order digit, and a change is then made from “1” to
“0” from the second bit to the third bit from the high-order bit.
Therefore, with the bit change made twice, “01000000”
becomes “uniform”, and a value “64” representing
“01000000” by a decimal number is taken as an evaluation
value.

Further, it is assumed that the texture representing code is
“00001111”. When it is looked at sequentially from the high-
order digit, a change is made from “0” to “1” between the
fourth bit and the fitth bit from the high-order bit, and the bit
change is made once. Therefore, “00001111” becomes “‘uni-
form”, and a value “15” representing “00001111” by a deci-
mal number is taken as an evaluation value.

Moreover, it is assumed that the texture representing code
is “00110011”. When it is looked at sequentially from the
high-order digit, for example, a change is made from “0” to
“1” between the second bit and the third bit from the high-
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order bit, a change is then made from “1” to “0” from the
fourth bit and the fifth bit from the high-order bit, and a
change is made from “0” to “1” between the sixth bit and the
seventh bit from the high-order bit. Therefore, with the bit
change made three times, “00110011” is taken as not being
“uniform”. Hence “00110011” is converted to a specific
binary code “10101010”, and a value “170” representing
“10101010” by a decimal number is taken as an evaluation
value.

Furthermore, it is assumed that the texture representing
code is “01010101”. When it is sequentially looked at, the bit
change is made seven times, and “01010101” is thus taken as
not being “uniform”. Hence “01010101” is converted to a
specific binary code “10101010”, and a value “170” repre-
senting “10101010” by a decimal number is taken as an
evaluation value.

As thus described, a texture representing code is converted
to a specific binary code when the number of times of bit
change at the time of sequentially looking at eight bits that
constitute the texture representing code exceeds two, and a
value representing the specific binary code by a decimal
number is taken as an evaluation value, thereby to limit the
number of kinds of values that the evaluation value can take
from 256 to 59.

The evaluation value map generating circuit 34 according
to the present preferred embodiment limits the number of
kinds of values that the evaluation value can take to 59 with
use of “uniform” so as to reduce a processing amount.

It is to be noted that, for convenience of description, num-
bers 0 to 58 are respectively allocated to 59 kinds of values
that the evaluation value can take. Hereinafter, the evaluation
value may be described using this number.

<About Pixel Value Interpolation>

In order to improve the accuracy in evaluation value, as a
plurality of peripheral pixel values used for obtaining an
evaluation value, a use of peripheral pixel values at a plurality
of peripheral positions with the same distance from a target
pixel is more preferable.

On the other hand, in generation of LBP, a “distance from
atarget point™ is used as a parameter indicating the degree of
distance from the target pixel in comparison of the peripheral
pixel value with the target pixel value. When the distance
from the target point is “1”, LBP is found with use of eight
peripheral pixel value as described above. The distance 1
indicates a distance between pixels in the vertical direction
and the horizontal direction. It is to be noted that the same also
applies to LTP.

FIG. 27 is a diagram showing a positional relation between
a target pixel 300 and each of eight peripheral pixels 310a to
310% within the calculating frame 200. As shown in FIG. 27,
as for each of the nine pixels within the calculating frame 200,
a distance a between the target pixel 300 and the peripheral
pixel in the vertical direction or the horizontal direction is
different from a distance b between the target pixel 300 and
the peripheral pixel in an oblique direction.

As described above, when pixel values of the eight periph-
eral pixels 310a to 310/ existing on the periphery of the target
pixel 300 are used as the eight peripheral pixel values to be
used at the time of obtaining an evaluation value, the distance
between the target pixel and the position to which the periph-
eral pixel value corresponds is “1” in the vertical direction and
the horizontal direction, but is not “1” in the oblique direction.
Hence in this case, a plurality of peripheral pixel values to be
used in acquirement of an evaluation value are not peripheral
pixel values at a plurality of peripheral positions with the
same distance from the target pixel.



US 9,053,387 B2

27

Therefore, as for the peripheral pixel value in the oblique
direction, it is desirable to use a pixel value at a peripheral
position 400 in an oblique direction (see FIG. 27) with a
distance from the target pixel being “1” instead of using the
pixel value of the peripheral pixel in the oblique direction.

The pixel value at the peripheral position 400 in the oblique
direction with a distance from the target pixel being “1” can
be obtained by pixel value interpolation processing such as
bilinear interpolation processing.

FIG. 28 is a diagram for explaining a method for obtaining
apixel value at the peripheral position 400 in a direction to the
top right with a distance from the target pixel being “1”, with
use of the bilinear interpolation processing. In the example of
FIG. 28, a pixel value of the target pixel 300, a pixel value of
the peripheral pixel 3105 in an upward direction, a pixel value
of' the peripheral pixel 310c¢ in a direction to the top right, and
a pixel value of the peripheral pixel 3104 in a direction to the
right are respectively “577, “55”, “65” and “75”. Further, a
pixel value of a pixel 320qa existing in an upward direction
from the peripheral pixel 310c is “50”, and a pixel value of a
pixel 3205 existing in a direction to the right from the pixel
310c is “70”.

In the example of FIG. 28, assuming that a ratio of a
distance between the target peripheral position 400 and the
pixel 3204 in the vertical direction to a distance between the
peripheral position 400 and the peripheral pixel 3104 in the
vertical direction is y1:y2, an interpolated value YO in the
vertical direction is found with use of the following formula
(D)

[Mathematical Formula 1]

YO=T75xy1/(y1+p2)+50x32/(y1+y2) (€8]

Further, assuming that a ratio of a distance between the
target peripheral position 400 and the peripheral pixel 3105 in
the horizontal direction to a distance between the peripheral
position 400 and the pixel 3205 in the horizontal direction is
x1:x2, an interpolated value X0 in the horizontal direction is
found with use of the following formula (2):

[Mathematical Formula 2]

XO=T70xx1/(x1+x2)+55xx2/(x1+x2) 2)

Then, a pixel value Z0 at the peripheral position 400 is
found with use of the following formula (3):
[Mathematical Formula 3]

Z0=(X0+Y0)/2 3

A pixel value at the peripheral position in a direction to the
top left with a distance from the target pixel being “1”, a pixel
value at the peripheral position in a direction to the bottom left
with a distance from the target pixel being “1” and a pixel
value at the peripheral position in a direction to the bottom
right with a distance from the target pixel being “1” can also
be found in the same manner as above.

At the time of obtaining an evaluation value, it is possible
to obtain a more accurate evaluation value by using a pixel
value at the peripheral position in the oblique direction with a
distance from the target pixel being “1” instead of using a
pixel value of a peripheral pixel value existing in the oblique
direction from the target pixel. As the peripheral pixel value,
the evaluation value map generating circuit 34 may use the
pixel value of the peripheral pixel value in the oblique direc-
tion or use the pixel value at the peripheral position in the
oblique direction with a distance from the target pixel being
“17.

As described above, in the present preferred embodiment,
although the evaluation value map generating circuit 34 uses
eight pixel values on the periphery of the target pixel at the
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time of obtaining the evaluation value, it may not use the
peripheral pixel value in the oblique direction with respect to
the target pixel. For example, the evaluation value map gen-
erating circuit 34 may not use all of the peripheral pixel values
in the directions to the top right, the top left, the bottom right
and the bottom left with respect to the target pixel. Therefore,
in acquirement of the evaluation value, only the peripheral
pixel values in the upward direction, the downward direction,
the direction to the right and the direction to the left are used,
and hence the evaluation value is represented by four bits
from eight bits, leading to reduction in information amount of
the evaluation value. This allows reduction in processing
amount concerning processing with use of the evaluation
value. It is to be noted that by not using at least one peripheral
pixel value out of the peripheral pixel values in the directions
to the top right, the top left, the bottom right and the bottom
left, it is possible to reduce the number of kinds of values that
the evaluation value can take.

Further, when the peripheral pixel value in the oblique
direction is not to be used in acquirement of the evaluation
value, the processing amount is further reduced since there is
no need for obtaining a pixel value at the peripheral position
in the oblique direction with a distance from the target pixel
being “1 by the pixel value interpolation processing.

Moreover, when the peripheral pixel values in the direc-
tions to the top right, the top left, the bottom right and the
bottom left are all not to be used in acquirement of the evalu-
ation value, since the evaluation value is represented by four
bits, not a large effect is exerted even if the kinds of values that
the evaluation value can take are limited with use of “uni-
form” as described above. Hence in this case, the kinds of
values that the evaluation value can take are prevented from
being limited with use of “uniform”. That is, the evaluation
value map generating circuit 34 uses, as the evaluation value,
atexture representing code made up ofa plurality of bits (four
bits) (to be exact, a value representing it by a decimal number)
regardless of the number of times of bit change at the time of
sequentially looking at the plurality of bits. This makes it
unnecessary to perform processing for limiting the kinds of
values that the evaluation value can take, thereby leading to
reduction in processing amount in the evaluation value map
generating circuit 34.

<Characteristic Amount Acquiring Processing>

In the present preferred embodiment, the image detection
section 14 acquires a characteristic amount of a processing
object image from a reference evaluation value map, and
obtains a detection probability value concerning the process-
ing object image with use of the characteristic amount. Fur-
ther, the image detection section 14 acquires a characteristic
amount of a size-changed image from a non-reference evalu-
ation value map, and obtains a detection probability value
concerning the size-changed image with use of the character-
istic amount.

At the time of acquiring the characteristic amount of the
processing object image, the image detection section 14 uses
a calculating processing object image which is smaller than
the original size just by one pixel on the periphery. Further, at
the time of acquiring the characteristic amount of the size-
changed image, the image detection section 14 uses a size-
changed image which is smaller than the original size just by
one pixel on the periphery. Hereinafter, a calculating process-
ing object image and a calculating size-changed image to be
used in acquirement of the characteristic amount may be
collectively referred to as an “acquirement object image”.

In the present preferred embodiment, when the character-
istic amount is roughly classified, for example, two kinds of
characteristic amounts are used. Specifically, one evaluation
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value within the probability value acquirement frame set in
the evaluation value map is taken as one characteristic
amount. Hereinafter, this characteristic amount is referred to
as an “evaluation value single characteristic amount”. In the
present preferred embodiment, since the number of kinds of
values that the evaluation value can take is 59 as described
above, the number of kinds (dimensions) of the evaluation
value single characteristic amount is 59.

Further, in the present preferred embodiment, a combina-
tion of two evaluation values within the probability value
acquirement frame set in the evaluation value map is taken as
one characteristic amount. Hereinafter, this characteristic
amount is referred to as a “co-occurrence characteristic
amount”. It can be said that the co-occurrence characteristic
amount indicates co-occurrence properties of the evaluation
values.

The image detection section 14 obtains a detection prob-
ability value based on both an evaluation value single char-
acteristic amount and a co-occurrence characteristic amount
acquired from an image within the frame. Hereinafter, a
method for acquiring the evaluation value single characteris-
tic amount and the co-occurrence characteristic amount will
be described in detail.

In such a manner as in FIGS. 6 to 9 described above, when
setting a reference detection frame at a position where a
calculating processing object image exists, the processor 36
reads a reference evaluation value map from the storage cir-
cuit 35, to set the reference detection frame at the same
position as the above position in the reference evaluation
value map. Then, the processor 36 outputs a plurality of
evaluation values within the reference detection frame in the
reference evaluation value map to the probability value
acquiring circuit 37. With the size of the reference detection
frame being 16 px16 p, an evaluation value block made up of
(16x16) evaluation values is inputted into the probability
value acquiring circuit 37. The probability value acquiring
circuit 37 takes each of the plurality of evaluation values
constituting the inputted evaluation value block as an evalu-
ation value single characteristic amount. Hence, from an
image within the reference detection frame in the processing
object image, the (16x16) evaluation value single character-
istic amounts of the image are obtained.

Further, the probability value acquiring circuit 37 acquires
a co-occurrence characteristic amount from the inputted
evaluation value block. Specifically, the probability value
acquiring circuit 37 acquires a plurality of pairs of combina-
tions of two evaluation values being in a predetermined rela-
tive positional relation, and takes each of the plurality of pairs
as a co-occurrence characteristic amount. Hereinafter a pair
of two evaluation values being in the predetermined relative
positional relation is referred to as an “evaluation value pair”.

In the present preferred embodiment, K (=2) kinds of posi-
tional relations have been decided concerning the relative
positional relation between the two evaluation values consti-
tuting the evaluation value pair. Then in the present preferred
embodiment, a plurality of evaluation value pairs, each made
up of two evaluation values being in each of the K kinds of
positional relations, are acquired concerning the respective
positional relations from the evaluation value block. In the
present preferred embodiment, for example, K=30, and 30
kinds of positional relations have been decided. Hereinafter,
in the evaluation value pair, one evaluation value is referred to
as a “first evaluation value”, and the other evaluation value is
referred to as a “second evaluation value”.

FIG. 29 is a diagram showing an example of 30 kinds of
positional relations as to evaluation value pairs. In FIG. 29, a
white circle indicates a first evaluation value 500. Further in
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FIG. 29, a black circle indicates a second evaluation value
510, and 30 second evaluation values 510 are indicated which
are located at different positions in an evaluation value block.

In the present preferred embodiment, a relative positional
relation between the first evaluation value 500 shown in FIG.
29 and one second evaluation value 510 shown in FIG. 29
shows one kind of positional relation as to the evaluation
value pair. In FIG. 29, due to the existence of 30 second
evaluation values 510, 30 kinds of positional relations as to
the evaluation value pair are indicated.

FIGS. 30 to 32 are diagrams for explaining an operation of
the probability value acquiring circuit 37 at the time when the
probability value acquiring circuit 37 acquires an evaluation
value pair, made up of two evaluation values being in a certain
relative positional relation, from an inputted evaluation value
block 600. In each of the examples of FIGS. 30 to 32, an
evaluation value pair, made up of the first evaluation value
500 and the second evaluation value 510 which are adjacent to
each other in the horizontal direction, is acquired from the
evaluation value block 600.

In the present preferred embodiment, in the evaluation
value block 600, the probability value acquiring circuit 37
takes each of evaluation values as the first evaluation value
500 sequentially from the top left to the bottom right (along
the raster-scanning direction), to acquire a combination of the
first evaluation value 500 and the second evaluation value 510
that makes a pair with the first evaluation value 500.

Specifically, as shown in FIG. 30, first, the probability
value acquiring circuit 37 takes an evaluation value at the top
left in the evaluation value block 600 as the first evaluation
value 500 and takes an evaluation value to the right thereof as
the second evaluation value 510, to acquire a combination of
the first evaluation value 500 and the second evaluation value
510 so as to take it as one co-occurrence characteristic
amount.

Next, as shown in FIG. 31, the probability value acquiring
circuit 37 takes an evaluation value which is the second from
the top left in a direction to the right in the evaluation value
block 600 as the first evaluation value 500 and takes an
evaluation value to the right thereof as the second evaluation
value 510, to acquire a combination of the first evaluation
value 500 and the second evaluation value 510 so as to take it
as one co-occurrence characteristic amount.

Hereinafter, the probability value acquiring circuit 37 takes
each evaluation value in the evaluation value block 600 as the
first evaluation value 500 sequentially along the raster-scan-
ning direction, and takes an evaluation valueto the right of the
first evaluation value 500 as the second evaluation value 510,
to acquire a combination of the first evaluation value 500 and
the second evaluation value 510 that makes a pair therewith,
concerning each first evaluation value 500. FIG. 32 shows a
state where an evaluation value which is the second from the
bottom right in the direction to the left in the evaluation value
block 600 has been taken as the first evaluation value 500, and
an evaluation value to the right thereof has been taken as the
second evaluation value 510.

It is to be noted that at the time of the probability value
acquiring circuit 37 taking each of evaluation values as the
first evaluation value 500 sequentially from the top left to the
bottom right to acquire a combination of the first evaluation
value 500 and the second evaluation value 510 that makes a
pair with the first evaluation value 500 in the evaluation value
block 600, when the second evaluation value 510 that makes
a pair with the first evaluation value 500 does not exist, there
is not acquired a combination of the first evaluation value 500
and the second evaluation value 510 that makes a pair there-
with. For example in the examples of FIGS. 30 to 32, when the
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evaluation value on the bottom right is taken as the first
evaluation value 500 in the evaluation value block 600, the
second evaluation value 510 that makes a pair therewith does
not exist, and hence there is not acquired a combination of the
first evaluation value 500 and the second evaluation value 510
that makes a pair therewith.

As described above, the probability value acquiring circuit
37 acquires a plurality of evaluation value pairs, each made up
of the first evaluation value and the second evaluation value
being in each of K kinds of positional relations, concerning
the respective positional relations. Hence, from an image
within the reference detection frame in the processing object
image, a plurality of co-occurrence characteristic amounts
concerning the image are acquired.

Since the number of kinds of values that the evaluation
value can take here is 59, the number ofkinds of combinations
between the first evaluation value and the second evaluation
value that constitute the evaluation value pair is (59x59).
Then, even when the combination of the first evaluation value
and the second evaluation value is the same among a plurality
of evaluation value pairs, if the relative positional relations
between the first evaluation value and the second evaluation
value are different, those can be said to be different in terms of
characteristic amount of the image. Therefore, in the present
preferred embodiment where K=30, the number of kinds
(dimensions) of co-occurrence characteristic amounts is (30x
59x59). Hence with the kinds of evaluation value single char-
acteristic amounts and the kinds of co-occurrence character-
istic amounts combined, the number of kinds (number of
dimensions) of characteristic amounts acquired from the
evaluation value block is 104489 (=59+30x59x59).

In the image detection section 14, at the time of the pro-
cessor 36 making the reference detection frame raster-
scanned in the calculating processing object image, the ref-
erence evaluation value map is used at each position of the
reference detection frame as described above, and an evalu-
ation value single characteristic amount and a co-occurrence
characteristic amount are acquired from the image within the
reference detection frame.

In the image detection section 14, even in the case of the
non-reference detection frame being used, an evaluation
value single characteristic amount and a co-occurrence char-
acteristic amount are acquired in the same manner as above.
When setting a size-changed detection frame at a certain
position in a calculating size-changed image corresponding
to the non-reference detection frame, the processor 36 sets at
the same position as the certain position the size-changed
detection frame in the non-reference evaluation value map
corresponding to the non-reference detection frame and gen-
erated in the evaluation value map generating circuit 34.
Then, the processor 36 inputs into the probability value
acquiring circuit 37 the evaluation value block made up of a
plurality of evaluation values within the size-changed detec-
tion frame set in the non-reference evaluation value map. The
probability value acquiring circuit 37 acquires a plurality of
evaluation value single characteristic amounts and a plurality
of co-occurrence characteristic amounts from the inputted
evaluation value block. Accordingly, the evaluation value
single characteristic amount and the co-occurrence charac-
teristic amount of the image are acquired from the image
within the size-changed detection frame in the calculating
size-changed image.

In the image detection section 14, at the time of the pro-
cessor 36 making the size-changed detection frame raster-
scanned in the calculating size-changed image, as described
above, the non-reference evaluation value map is used at each
position of the size-changed detection frame and an evalua-
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tion value single characteristic amount and a co-occurrence
characteristic amount are acquired from the image within the
size-changed detection frame. In the image detection section
14, concerning each of the plural kinds of non-reference
detection frames, the size-changed detection frame corre-
sponding to the non-reference detection frame is raster-
scanned in the calculating size-changed image corresponding
to the non-reference detection frame, and with use of the
non-reference evaluation value map corresponding to the
non-reference detection frame, the evaluation value single
characteristic amount and the co-occurrence characteristic
amount of the image are acquired from the image within the
size-changed detection frame.

<About Details of Probability Value Acquiring Circuit>

Next, a configuration of the probability value acquiring
circuit 37 and detection probability value calculating process-
ing in the probability value acquiring circuit 37 will be
described. Hereinafter, a method for calculating a detection
probability value (hereinafter referred to as a “method for
calculating a comparison object”) which is different from the
method for calculating a detection probability value in the
probability value acquiring circuit 37 will be first described,
and thereafter, the probability value acquiring circuit 37 will
be described.

<Method for Calculating a Comparison Object>

In the method for calculating a comparison object, when a
detection probability value concerning an image within the
frame is to be found, there is generated a one-dimensional
evaluation value histogram showing frequency distribution
(number-of-times distribution) of evaluation values in the
evaluation value block.

FIG. 33 is a diagram showing an example of the one-
dimensional evaluation value histogram. A horizontal axis of
FIG. 33 indicates numbers O to 58 respectively allocated to 59
kinds of values that the evaluation value can take. A vertical
axis of FIG. 33 indicates a frequency of an evaluation value
having a value of the number indicated on the horizontal axis.
In the present preferred embodiment, since the number of
kinds of values that the evaluation value can take is 59, the
one-dimensional evaluation value histogram has 59 bins.

In the method for calculating a comparison object, when a
one-dimensional evaluation value histogram is generated,
each of'the frequencies at the 59 bins in the one-dimensional
evaluation value histogram is taken as a characteristic amount
of the image within the frame. This characteristic amount is
referred to as a “one-dimensional histogram characteristic
amount”. From the image within the frame, 59 one-dimen-
sional histogram characteristic amounts of the image within
the frame are acquired.

Further in the method for calculating a comparison object,
when a detection probability value concerning an image
within the frame is to be obtained, a two-dimensional histo-
gram, showing frequency distribution concerning combina-
tions of values that the evaluation value pair with the first and
second evaluation values being in each of the K kinds of
positional relations can take, is generated concerning the
positional relation. When it is assumed that 30 kinds of posi-
tional relations have been decided as to the evaluation value
pair, 30 two-dimensional evaluation value histograms are
generated.

A two-dimensional evaluation value histogram concerning
a certain evaluation value pair with the first and second evalu-
ation values being in a certain positional relation is generated
based on a plurality of evaluation value pairs acquired from
the evaluation value block as in FIGS. 30 to 32 described
above.
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FIG. 34 is a diagram showing an example of the two-
dimensional evaluation value histogram concerning an evalu-
ation value pair (hereinafter referred to as “object evaluation
value pair”) with the first and second evaluation values being
in a certain relative positional relation. A first axis along an
X-direction of FIG. 34 indicates numbers O to 58 respectively
allocated to 59 kinds of values that the first evaluation value of
the object evaluation value pair can take. A second axis along
a Y-direction of FIG. 34 indicates numbers 0 to 58 respec-
tively allocated to 59 kinds of values that the second evalua-
tion value of the object evaluation value pair can take. A third
axis along a Z-direction of FIG. 34 indicates a frequency of a
combination of the first evaluation value having a value of the
number indicated on the first axis and the second evaluation
value having a value of the number indicated on the second
axis in the evaluation value. That is, the third axis of FIG. 34
indicates how many object evaluation value pairs exist, which
are each made up ofthe first evaluation value having the value
of the number indicated on the first axis and the second
evaluation value having a value of the number indicated on
the second axis, in a plurality of object evaluation value pairs
obtained from the evaluation value block as in FIGS. 30 to 32
described above.

For example, in a plurality of object evaluation value pairs
obtained from the evaluation value block, when there exist
eight object evaluation value pairs made up of the first evalu-
ation value having a value of number 0 and the second evalu-
ation value having a value of number 2, a frequency at a bin
corresponding to the number 0 indicated on the first axis and
the number 2 indicated on the second axis is “8”. Further, in
the plurality of object evaluation value pairs obtained from
the evaluation value block, when there exist three object
evaluation value pairs made up of the first evaluation value
having a value of number 2 and the second evaluation value
having a value of number 1, a frequency at a bin correspond-
ing to the number 2 indicated on the first axis and the number
1 indicated on the second axis is “3”. In the present preferred
embodiment, the two-dimensional histogram has 3481 (=59x
59) bins.

As thus described, in the method for calculating a compari-
son object, the two-dimensional evaluation value histogram is
generated concerning each of K kinds of positional relations
as to the evaluation value pair. This leads to generation of K
two-dimensional evaluation value histograms.

In the method for calculating a comparison object, when K
two-dimensional evaluation value histograms are generated,
concerning each of the K two-dimensional evaluation value
histograms, each of frequencies at 3481 bins in the two-
dimensional evaluation value histogram is taken as a charac-
teristic amount. This characteristic amount is referred to as a
“two-dimensional histogram characteristic amount”. In the
present preferred embodiment with K=30, 104430 (=3481x
30) two-dimensional histogram characteristic amounts are
obtained from the image within the frame.

In the method for calculating a comparison object, when 59
one-dimensional histogram characteristic amounts and
104430 two-dimensional histogram characteristic amounts
are acquired from the image within the frame, there is gener-
ated a characteristic vector obtained by sequentially arraying
these 104489 (=59+104430) characteristic amounts. The
number of dimensions of the characteristic vector is
“104489”. Then, based on the generated characteristic vector
and a weight vector generated on the basis of a learning
sample (learning sample image) concerning a face image,
there is calculated a detection probability value indicative of
a probability that an image within the frame is a face image.
The weight vector has been generated based on a character-
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istic vector made up of 59 one-dimensional histogram char-
acteristic amounts and 104430 two-dimensional histogram
characteristic amounts acquired from the learning sample in
the same manner as above. In the method for calculating a
comparison object, an inner product of a characteristic vector
acquired from an image within the frame and a weight vector
is found, and a value obtained thereby becomes a detection
probability value concerning the image within the frame.
That is, each of a plurality of characteristic amounts consti-
tuting the characteristic vector obtained from the image
within the frame is multiplied by a weigh value (also referred
to as “weigh coefficient”, “learning data”) corresponding to
the characteristic amount by the weight vector. Then, the
plurality of characteristic amounts multiplied by the weigh
value are added, and the addition value is taken as a detection
probability value.

Here, an inner product of the characteristic vector made up
of 59 one-dimensional histogram characteristic amounts
obtained from the one-dimensional evaluation value histo-
gram and the weight vector made up of 59 weigh values
respectively corresponding to the 59 one-dimensional histo-
gram characteristic amounts is taken as a “first calculated
value A”.

Further, numbers from 1 to K are provided to K kinds of
positional relations as to the evaluation value pair. Then, an
inner product of (59x59) two-dimensional histogram charac-
teristic amounts, obtained from the two-dimensional evalua-
tion value histogram corresponding to a positional relation of
a number p (1=p=K) as to the evaluation value pair, and a
weight vector, made up of (§9x59) weigh values respectively
corresponding to the (59x59) two-dimensional histogram
characteristic amounts, is taken as a “second calculated value
Bp”.

When a detection probability value v is expressed with use
of'the first calculated value A and the second calculated value
Bp, the following formula (4) is given:

[Mathematical Formula 4]

v=A+B1+B52+...+BK

Q)

It is to be noted that the first calculated value A concerning
the image within the frame can be said to be a kind of detec-
tion probability value indicative of a probability that the
image within the frame is a face image. Further, the second
calculated value Bp concerning the image within the frame
can be said to be a kind of detection probability value indica-
tive of a probability that the image within the frame is a face
image.

In the method for calculating a comparison object as thus
described, a one-dimensional evaluation value histogram and
atwo-dimensional evaluation value histogram are generated,
and a value at each bin in the generated one-dimensional
evaluation value histogram and two-dimensional evaluation
value histogram is multiplied by a weigh value, thereby mak-
ing the detection probability value calculating processing
rough and a processing speed low.

In the present preferred embodiment, there will be pro-
posed a configuration of the probability value acquiring cir-
cuit 37 capable of improving the processing speed of the
detection probability value calculating processing, while
obtaining the same detection probability value as in the
method for calculating a comparison object. Hereinafter, the
probability value acquiring circuit 37 will be described in
detail.

<Details of Probability Value Acquiring Circuit>

FIG. 35 is a diagram showing the configuration of the
probability value acquiring circuit 37. The probability value
acquiring circuit 37 is a kind of image processing circuit, and
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as shown in FIG. 35, it is provided with a control circuit 700,
afirst selection circuit 720, (K+1) processing circuits 730 and
an addition circuit 740.

The control circuit 700 controls operations of the first
selection circuit 720 and each of the processing circuits 730.
Setting information for setting the operations of the first
selection circuit 720 and each of the processing circuits 730 is
inputted from the processor 36 into the control circuit 700.
Hereinafter, the setting information for setting the operation
of the first selection circuit 720 may be referred to as “first
setting information”. Further, the setting information for set-
ting the operation of the processing circuit 730 may be
referred to as “second setting information”. The first setting
information is control information for controlling the first
selection circuit 720, and the second setting information is
control information for controlling the processing circuit 730.

The control circuit 700 has a first register 701. The control
circuit 700 stores the first setting information, inputted from
the processor 36, into the first register 701. Further, the con-
trol circuit 700 has (K+1) second registers 702 respectively
corresponding to the (K+1) processing circuits 730. Concern-
ing each of the (K+1) processing circuits 730, the control
circuit 700 stores the second setting information, which is
inputted from the processor 36 and serves to set the operation
of the processing circuit 730, into the second register 702
corresponding to the processing circuit 730.

The first selection circuit 720 selects one evaluation value
from the evaluation value block that is inputted from the
processor 36 into the probability value acquiring circuit 37,
and outputs the selected value. The evaluation value selected
by the first selection circuit 720 is decided based on the first
setting information stored in the first register 701. In the
present preferred embodiment, the first selection circuit 720
sequentially changes one evaluation value to be selected from
the evaluation value block in accordance with the first setting
information, to sequentially change the evaluation value to be
outputted. Accordingly, a plurality of evaluation values con-
stituting the evaluation value block are sequentially outputted
one by one from the first selection circuit 720.

The addition circuit 740 adds later-mentioned output inte-
grated values that are outputted from the (K+1) processing
circuits 730, and outputs an addition value obtained thereby.
This addition value becomes a detection probability value
concerning the image within the frame.

FIG. 36 is a diagram showing a configuration of each
processing circuit 730. The (K+1) processing circuits 730
have the same circuit configuration and operate in parallel
with each other. As shown in FIG. 36, the processing circuit
730 is provided with a second selection circuit 731, an inte-
gration circuit 732 and a storage circuit 733. The storage
circuit 733 is, for example, a RAM.

The second selection circuit 731 has a selection mode of
selecting one evaluation value from an evaluation value block
in accordance with an evaluation value upon output of the
evaluation value from the first selection circuit 720 and out-
putting the selected value, and a non-selection mode of not
selecting an evaluation value from the evaluation value block.
The mode of the second selection circuit 731 is decided based
onthe second setting information stored in the second register
702 corresponding thereto (the second register 702 corre-
sponding to the processing circuit 730, to which the second
selection circuit 731 belongs). An evaluation value is not
outputted from the second selection circuit 731 on the non-
selection mode.

The evaluation value selected by the second selection cir-
cuit 731 on the selection mode is decided based on the second
setting information within the second register 702. In the
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present preferred embodiment, the second selection circuit
731 on the selection mode sequentially changes one evalua-
tion value to be selected from the evaluation value block in
accordance with the second setting information, to sequen-
tially change the evaluation value to be outputted. The second
selection circuit 731 on the selection mode operates in accor-
dance with the second setting information, thereby to output
an evaluation value different from the evaluation value out-
putted from the first selection circuit 720. The evaluation
value selecting operation in the second selection circuit 731 is
in synchronization with the evaluation value selecting opera-
tion in the first selection circuit 720.

The integration circuit 732 is connected with an output of
the first selection circuit 720 and an output of the second
selection circuit 731. Every time the second selection circuit
731 outputs an evaluation value, the integration circuit 732
reads a weigh value, stored in the storage circuit 733, from the
storage circuit 733 and integrates the read values. The inte-
gration circuit 732 outputs the obtained integrated value to the
addition circuit 740.

In the present preferred embodiment, one processing cir-
cuit 730 out of the (K+1) processing circuits 730 performs
processing concerning an evaluation value single character-
istic amount, and hereinafter, this processing circuit 730 may
be referred to as a “first processing circuit 730”. Then the
remaining K processing circuits 730 respectively correspond
to K kinds of positional relations (FIG. 28) as to the evalua-
tion value pair. The processing circuit 730 corresponding to
the positional relation of the number p as to the evaluation
value pair performs processing concerning the evaluation
value pair (co-occurrence characteristic amount) with the first
and second evaluation values being in the positional relation
of the number p. Hereinafter, each of the processing circuits
730 other than the first processing circuit 730 may be referred
to as a “second processing circuit 730”.

In the first processing circuit 730, the second selection
circuit 731 operates on the non-selection mode. Therefore,
only an evaluation value outputted from the first selection
circuit 720 is inputted into the integration circuit 732 of the
first processing circuit 730, and an evaluation value is not
inputted thereinto from the second selection circuit 731.

On the other hand, in the second processing circuit 730, the
second selection circuit 731 operates on the selection mode.
Therefore, an evaluation value outputted from the first selec-
tion circuit 720 and an evaluation value outputted from the
second selection circuit 731 are inputted into the integration
circuit 732 of the second processing circuit 730.

Further in the present preferred embodiment, the first
selection circuit 720 operates in accordance with the first
setting information, thereby to sequentially select an evalua-
tion value from the top left to the bottom right (along the
raster-scanning direction) in the evaluation value block and
outputs the selected values in the same manner as in the
method for deciding the first evaluation value 500 in FIGS. 30
to 32. Therefore, a plurality of evaluation values constituting
the evaluation value block are sequentially inputted one by
one from the top left to the bottom right (along the raster-
scanning direction), into the integration circuit 732. In the
first processing circuit 730, the evaluation value outputted
from the first selection circuit 720 becomes the evaluation
value single characteristic amount. That is, it can be said that
the first selection circuit 720 acquires the evaluation value
single characteristic amount from the evaluation value block.
On the other hand, in the second processing circuit 730, the
evaluation value outputted from the first selection circuit 720
becomes the first evaluation value of the co-occurrence char-
acteristic amount (evaluation value pair). That is, it can be
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said that the first selection circuit 720 acquires the first evalu-
ation value of the co-occurrence characteristic amount
(evaluation value pair) from the evaluation value block.

In the first processing circuit 730, every time the evaluation
value single characteristic amount (evaluation value) is out-
putted from the first selection circuit 720, the integration
circuit 732 reads a weigh value corresponding to the evalua-
tion value single characteristic amount from the storage cir-
cuit 733, and integrates the read values. That is, every time the
evaluation value single characteristic amount (evaluation
value) is outputted from the first selection circuit 720, the
integration circuit 732 reads a weigh value corresponding to
the evaluation value single characteristic amount from the
storage circuit 733, and adds the read value to an integrated
value of weigh values so far. Then, when the evaluation value
at the bottom right of the evaluation value block is outputted
from the first selection circuit 720 and the weigh value cor-
responding to the evaluation value is added to the integrated
value of the weigh values so far, the integration circuit 732
outputs an integrated value obtained thereby to the addition
circuit 740. The integrated value that is outputted to the addi-
tion circuit 740 is referred to as an “output integrated value”.
The output integrated value that is outputted from the first
processing circuit 730 is an integrated value of weigh values
corresponding to all evaluation values of the evaluation value
block.

FIG. 37 is a diagram showing weigh values stored in the
storage circuit 733 of the first processing circuit 730. As
shown in FIG. 37, the storage circuit 733 of the first process-
ing circuit 730 stores evaluation value single characteristic
amounts, namely weigh values, corresponding to each of
plural kinds of values that the evaluation values can take, and
generated based on a learning sample concerning a face
image. In the present preferred embodiment, since the num-
ber of kinds of values that the evaluation value can take is 59,
59 weigh values a0 to a.58 respectively corresponding to the
59 kinds of values are respectively associated with the 59
kinds of values in the storage circuit 733 of the first process-
ing circuit 730.

As thus described, in the first processing circuit 730, weigh
values which respectively correspond to a plurality of evalu-
ation values (plurality of evaluation value single characteris-
tic amounts) constituting an evaluation value block and
sequentially outputted from the first selection circuit 720 are
integrated, and the obtained integrated value is outputted as
an output integrated value. Hereinafter, the output integrated
value outputted from the first processing circuit 730 may be
referred to as a “first output integrated value C”.

The first output integrated value C coincides with the first
calculated value A in the method for calculating a comparison
object described above, namely the inner product of the char-
acteristic vector made up of 59 one-dimensional histogram
characteristic amounts obtained from the one-dimensional
evaluation value histogram and the weight vector made up of
59 weigh values respectively corresponding to the 59 one-
dimensional histogram characteristic amounts. The plurality
of weigh values constituting the weight vector coincide with
the plurality of weigh values stored in the storage circuit 733
of the first processing circuit 730.

In the second processing circuit 730 corresponding to the
positional relation of the number p as to the evaluation value
pair, the second selection circuit 731 selects from the evalu-
ation value block an evaluation value (second evaluation
value) which is in the positional relation of the number p with
an evaluation value (first evaluation value) outputted from the
first selection circuit 720 and makes a pair with this evaluation
value, and outputs the selected value. At this time, in the case
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of non-existence of the evaluation value which is in the posi-
tional relation of the number p with the evaluation value
outputted from the first selection circuit 720 and makes a pair
with this evaluation value, the second selection circuit 731
does not output the evaluation value.

Every time the evaluation value (second evaluation value)
is outputted from the second selection circuit 731, the inte-
gration circuit 732 reads a weigh value corresponding to a
combination (co-occurrence characteristic amount) between
the evaluation value and an evaluation value, which is output-
ted from the first selection circuit 720 and makes a pair with
the above evaluation value, from the storage circuit 733 and
integrates the read values. That is, in the second processing
circuit 730 corresponding to the positional relation of the
number p as to the evaluation value pair, every time the
second evaluation value is outputted from the second selec-
tion circuit 731, the integration circuit 732 reads a weigh
value corresponding to a combination of the second evalua-
tion value and the first evaluation value, which makes a pair
with the second evaluation and is outputted from the first
selection circuit 720, from the storage circuit 733 and adds the
read value to an integrated value of weigh values so far. Itis to
be noted that in the case of the evaluation value not being
outputted from the second selection circuit 731, weigh values
are not integrated in the integration circuit 732. Then, when
the evaluation value at the bottom right of the evaluation value
block is outputted from the first selection circuit 720 and the
weigh value corresponding to a combination of the evaluation
value and the evaluation value which is outputted from the
second selection circuit 731 and makes a pair with the above
evaluation is added to an integrated value of weigh values so
far, the integration circuit 732 outputs an integrated value
(output integrated value) obtained thereby to the addition
circuit 740. The output integrated value that is outputted from
the second processing circuit 730 corresponding to the posi-
tional relation of the number p as to the evaluation value pair
becomes an integrated value of weigh values corresponding
to all evaluation value pairs considered in the evaluation value
block and each made up of the first evaluation value and the
second evaluation value forming the positional relation of the
number p.

Each of K second processing circuits 730 operates in the
same manner as above, to output the found output integrated
value to the addition circuit 740.

FIG. 38 is a diagram showing weigh values stored in the
storage circuit 733 of the second processing circuit 730 cor-
responding to the positional relation of the number p as to the
evaluation value pair. As shown in FIG. 38, the storage circuit
733 stores a plurality of weigh values, respectively corre-
sponding to plural kinds ((59x59) kinds) of value combina-
tions of the first evaluation value and the second evaluation
value, which the evaluation value pair made up of the first and
second evaluation values forming the positional relation of
the number p (co-occurrence characteristic amount corre-
sponding to the positional relation of the number p) can take,
and generated based on a learning sample concerning a face
image. In FIG. 38, a combination (i, j) of a first evaluation
value i (0=i=58) and a second evaluation value j (0=<j=<58) is
represented. Further, a weigh value corresponding to (i, j) is
represented by Pi—j. In the present preferred embodiment,
since the number of kinds of values that the evaluation value
can take is 59, (59x59) weigh values $0-0 to p58-58 of the
first evaluation value and the second evaluation value are
respectively associated with the (59x59) kinds of value com-
binations in the storage circuit 733 of the second processing
circuit 730.
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As thus described, in the second processing circuit 730
corresponding to the positional relation of the number p, an
integrated value of weigh values corresponding to evaluation
value pairs, considered in the evaluation value block and each
made up of the first evaluation value and the second evalua-
tion value forming the positional relation of the number p, is
calculated and outputted. Hereinafter, the output integrated
value outputted from the second processing circuit 730 cor-
responding to the positional relation of the number p may be
referred to as a “second output integrated value Dp”.

The second output integrated value Dp coincides with the
second calculated value Bp in the method for calculating a
comparison object described above, namely the inner product
of the characteristic vector made up of (59x59) two-dimen-
sional histogram characteristic amounts, obtained from the
two-dimensional evaluation value histogram corresponding
to the positional relation of the number p, and a weight vector
made up of (59x59) weigh values respectively corresponding
to the (59x59) two-dimensional histogram characteristic
amounts. The plurality of weigh values constituting the
weight vector coincide with a plurality of weigh values stored
in the storage circuit 733 ofthe second processing circuit 730
corresponding to the positional relation of the number p.

The addition circuit 740 adds the first output integrated
value C outputted from the first processing circuit 730 and K
second output integrated values D1 to DK respectively out-
putted from the K second processing circuits 730. The addi-
tion value obtained in the addition circuit 740 becomes the
detection probability value v. The detection probability value
v can be expressed by the following formula (5):

[Mathematical Formula 5]

v=C+D1+D2+ ... +DK

®

Since the first output integrated value C coincides with the
first calculated value A and the second output integrated value
Dp coincides with the second calculated value Bp as thus
described, the detection probability value v expressed by the
formula (4) is the same as the detection probability value v
expressed by the formula (5). That is, the detection probabil-
ity value v found in the method for calculating a comparison
object is the same as the detection probability value v found in
the probability value acquiring circuit 37 according to the
present preferred embodiment.

The first output integrated value C concerning the image
within the frame can be said to be a kind of detection prob-
ability value indicative of a probability that the image within
the frame is a face image. Further, the second output inte-
grated value Dp concerning the image within the frame can be
said to be a kind of detection probability value indicative of a
probability that the image within the frame is a face image.

It is to be noted that changing the second setting informa-
tion for setting the operation of the processing circuit 730 can
halt the operation of the processing circuit 730. When the
processing circuit 730 is halted, the second selection circuit
731 does not perform the selection operation and the integra-
tion circuit 732 does not perform the integration processing.
Hence an integrated value is not outputted from the halted
processing circuit 730.

As above, in the probability value acquiring circuit 37
according to the present preferred embodiment, the second
selection circuit 731 and the integration circuit 732 can be
operated in parallel among a plurality of processing circuits
730, thereby allowing improvement in processing speed of
the processing for obtaining a detection probability value.
Further, the processor is not used for the probability value
acquiring circuit 37 and a program is not required for the
operation of the probability value acquiring circuit 37 itself,
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thereby allowing further improvement in processing speed of
the processing for obtaining a detection probability value.

Moreover, in the present preferred embodiment, the con-
trol circuit 700 is provided with the second register 702 that
stores second setting information for setting an evaluation
value selecting operation in the second selection circuit 731.
Rewriting the second setting information within the second
register 702 by the processor 36 or the like can change an
evaluation value selected in the second selection circuit 731.
Hence it is possible to change the relative positional relation
that the second evaluation value selected in the second selec-
tion circuit 731 has with the first evaluation value selected in
the first selection circuit 720. Accordingly, changing the sec-
ond setting information within the second register 702 allows
appropriate setting of K kinds of positional relations as to the
evaluation value pair in accordance with a detection object
image, an imaging environment of the imaging device 2 orthe
like.

In the present preferred embodiment, changing the second
setting information for setting the operation of the processing
circuit 730 can halt the operation of the processing circuit
730, so as to prevent an integrated value from being outputted
from the processing circuit 730. Therefore, the number of
kinds of positional relations between the first and second
evaluation values as to the evaluation value map can be
reduced from K which is the same number as that of the
second processing circuits 730. That is, the number of kinds
of'positional relations as to the evaluation value pair can be set
to K at the maximum. Accordingly, it is possible to appropri-
ately set the kind of positional relation between the first and
second evaluation values as to the evaluation value pair in
accordance with a detection object image, an imaging envi-
ronment of the imaging device 2 or the like.

Further, the second setting information may be inputted
from the outside into the image detection device 3, and the
inputted second setting information may be stored into the
second register 702 within the control circuit 700. Accord-
ingly, inputting the second setting information into the image
detection device 3 allows rewriting of the second setting
information within the second register 702 of the control
circuit 700.

It is to be noted that the first setting information within the
first register 701 may be rewritten by the processor 36 or the
like.

Further, in the present preferred embodiment, since a pair
of two evaluation values being in a predetermined relative
positional relation is taken as a characteristic amount (co-
occurrence characteristic amount), an appropriate character-
istic amount for image detection such as detection of a face
image can be obtained. Therefore, obtaining a detection prob-
ability value based on the characteristic amount obtained
from the image allows accurate determination as to whether
the image has a high probability of being a detection object
image. As a result, it is possible to suppress erroneous detec-
tion for the detection object image. That is, the detection
accuracy for the detection object image improves.

In addition, although the detection probability value has
been found based on both the evaluation value single charac-
teristic amount and the co-occurrence characteristic amount
in the above example, the detection probability value may be
found based only on the co-occurrence characteristic amount
out of those. That is, the first processing circuit 730 may be
halted, and only output integrated values outputted from a
plurality of second processing circuits 730 may be added in
the addition circuit 740.

Further, as for the evaluation value expressing characteris-
tics of pixels, one other than the L.BP, the negative TP and the
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positive LTP may be used. For example, a luminance gradient
of pixels may be taken as the evaluation value.

Moreover in the addition circuit 740, output integrated
values outputted from a plurality of processing circuits 730
and a detection probability value found based on character-
istic amounts such as an HOG characteristic amount or an
Haar-like characteristic amount and a weigh value (weighted
coefficient) may be added, and the addition value may be
inputted into the processor 36 as a detection probability value
to be used in the probability value determination processing.

Further, although the processor 36 has performed the
detection processing on an entire region of the processing
object image in the above example, it may perform the detec-
tion processing only on a region other than a region having a
low probability of being a face image. For example, a smooth
and flat region may be specified in the processing object
image in the evaluation value map generating circuit 34 or the
like with use of Hadamard transform or the like, and the
detection processing may be performed only on a region other
than the smooth and flat region in the processing object
image. Further, a skin-colored region may be specified in the
processing object image in the evaluation value map gener-
ating circuit 34 or the like, and the detection processing may
be performed only on the region.

<A Variety of Modified Examples>

Hereinafter, a variety of modified examples of the present
preferred embodiment will be described.

<First Modified Example>

Although the image detection section 14 has detected one
kind of detection object image from the processing object
image in the above example, it may be made capable of
detecting plural kinds of detection object images (e.g., a face
image, a human body image, a vehicle image, etc.).

For example, a weigh value (learning data) stored in the
storage circuit 733 of each processing circuit 730 in the prob-
ability value acquiring circuit 37 is made rewritable by the
processor 36 or the like, thereby allowing the image detection
device 3 to detect plural kinds of detection object images from
the processing object image. That is, the processor 36 or the
like rewrites a weigh value within each storage circuit 733 in
accordance with the kind of the detection object images,
thereby allowing the image detection device 3 to detect plural
kinds of detection object images from the processing object
image with use of the same hardware configuration.

In the case of rewriting a weigh value within the storage
circuit 733 in accordance with the kind of detection object
images, for example, plural kinds of weigh values (plural
kinds of learning data) respectively corresponding to plural
kinds of detection object images are previously stored into the
storage section 12. For example, plural kinds of weigh values
respectively corresponding to an image of a human face turn-
ing to the front, an image of a human face turning to the right
and an image of a human face turning to the left are previously
stored into the storage section 12. Then, the processor 36
reads the weigh value corresponding to a certain kind of
detection object image (e.g., the image of the human face
turning to the front) from the storage section 12 and stores it
into each storage circuit 733. It is thereby possible to obtain in
the probability value acquiring circuit 37 a detection prob-
ability value indicative of a probability that an image within
the frame is the certain kind of detection object image. In the
image detection device 3, the certain kind of detection object
image is specified in the processing object image based on the
detection probability value.

Further, the processor 36 reads the weigh value corre-
sponding to another kind of detection object image (e.g., the
image of the human face turning to the left) from the storage
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section 12 and stores it into each storage circuit 733. It is
thereby possible to obtain in the probability value acquiring
circuit 37 a detection probability value indicative of a prob-
ability that the image within the frame is another kind of
detection object image. In the image detection device 3,
another kind of detection object image is specified in the
processing object image based on the detection probability
value.

Moreover, a weigh value may be inputted from the outside
into the image detection device 3, and the inputted second
setting information may be stored into the storage section 12.
This allows a weigh value inputted by a user into the image
detection device 3 to be stored into each storage circuit 733.

As thus described, a weigh value which is stored in each
storage circuit 733 is made rewritable, thereby allowing the
probability value acquiring circuit 37 to obtain detection
probability values concerning plural kinds of detection object
images. Hence the image detection section 14 can detect
plural kinds of detection object images from the processing
object image.

Further, plural kinds of weigh values (plural kinds of learn-
ing data) respectively corresponding to plural kinds of detec-
tion object images are stored into each storage circuit 733,
thereby allowing the probability value acquiring circuit 37 to
obtain detection probability values concerning the plural
kinds of detection object images. Hence the image detection
section 14 becomes able to detect plural kinds of detection
object images from the processing object image. Each of the
plural kinds of weigh values stored in the storage circuit 733
of the second processing circuit 730 corresponding to the
positional relation of the number p as to the evaluation value
pair is one in accordance with a combination of the second
evaluation value outputted from the second selection circuit
731 and the first evaluation value which forms the positional
relation of the number p with the second evaluation value and
is outputted from the first selection circuit 720, and is one
generated based on a learning sample concerning the corre-
sponding detection object image.

As thus described, in the case of storing plural kinds of
weigh values respectively corresponding to plural kinds of
detection object images into each storage circuit 733, the
control circuit 700 sets the kind of weigh value to be used with
respect to the integration circuit 732 of each processing cir-
cuit 730 based on the second setting information within the
second register 702. Thereby in each processing circuit 730,
the integration circuit 732 reads from the storage circuit 733
the kind of weigh value set by the control circuit 700, gener-
ates an output integrated value with use of the weigh value,
and outputs the output integrated value. Therefore, in the
probability value acquiring circuit 37, there are obtained a
detection probability value concerning the detection object
image corresponding to the kind of weigh value set by the
control circuit 700. Then, in the image detection section 14,
based on the detection probability value, the detection object
image corresponding to the kind of weigh value set by the
control circuit 700 is specified in the processing object image.

As thus described, plural kinds of weigh values respec-
tively corresponding to plural kinds of detection object
images (specific images) are stored into each storage circuit
733 and the kind of weigh value to be used in each integration
circuit 732 is changed, thereby allowing detection probability
values concerning the plural kinds of detection object images
to be found with use of the same hardware configuration.
Hence it becomes possible to detect plural kinds of detection
object images from the processing object image with use of
the same hardware configuration.
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In the case of storing plural kinds of weigh values respec-
tively corresponding to plural kinds of detection object
images into the storage section 12, in order to change the kind
of detection object image, it is necessary to read from the
storage section 12 a weigh value corresponding to a detection
object image after changed and then store the weigh value
into the storage circuit 733.

As opposed to this, in the case of storing plural kinds of
weigh values respectively corresponding to plural kinds of
detection object images into each storage circuit 733, the kind
of'detection object image can be changed just by changing the
kind of weigh value read by the integration circuit 732 from
the storage circuit 733. Therefore, the processing speed
improves more than in the case of storing the plural kinds of
weigh values into the storage section 12.

Further, as in the present example, in the case of the prob-
ability value acquiring circuit 37 being able to obtain detec-
tion probability values concerning plural kinds of detection
object images, an entire image may be specified with each of
the plural kinds of detection object images taken as a part
thereof based on the detection probability values concerning
the plural kinds of specific images. This processing is syn-
onymous with processing of dividing a detection object
image into a plurality of partial images, individually perform-
ing the detection processing on each of the plurality of partial
images, and calculating a detection probability values con-
cerning the plurality of partial images, to specify a detection
object image based on the calculated detection probability
values.

For example, based on detection probability values con-
cerning a human upper half body image and a human lower
haltbody image, there may be specified a human body image
with the upper half body image and the lower halt body image
taken as an upper-side portion and a lower-side portion
thereof.

Further, for example, based on detection probability values
concerning an image of a front portion of a vehicle and an
image of a rear portion thereof as seen from the side, there
may be specified an entire vehicle image with the front-
portion image and the rear-portion image taken as a front
portion and a rear portion thereof.

In the case of specifying an image of a human body with
each of an upper halfbody image and a lower half body image
taken as a part thereof based on detection probability values
concerning the upper halfbody image and the lower halfbody
image, for example, a weigh value corresponding to the upper
haltbody image and a weigh value corresponding to the lower
half body image are stored into each storage circuit 733.
Then, in the same manner as above, the image detection
section 14 first performs the detection processing with the
upper half body image taken as a detection object image with
use of a weigh value corresponding to the upper half body
image within each storage circuit 733, and acquires in the
processing object image a detection result region (hereinafter
referred to as “upper-half-body detection result region”) with
a high probability of being the upper half body image and a
detection probability value (hereinafter referred to as “upper-
half-body detection probability value”) indicative of a prob-
ability that the detection result region is the upper half body
image.

Next, the image detection section 14 performs the detec-
tion processing with the lower half body image taken as a
detection object image only on a lower portion of each upper
half body detection result region in the processing object
image with use of a weigh value corresponding to the lower
haltbody image within each storage circuit 733, and acquires
a detection result region (hereinafter referred to as “lower-

15

20

35

40

45

60

44

half-body detection result region”) with a high probability of
being the lower half body image and a detection probability
value (hereinafter referred to as “lower-half-body detection
probability value”) indicative of a probability that the detec-
tion result region is the lower half body image.

Subsequently in the image detection section 14, the pro-
cessor 36 specifies a pair of the upper half body detection
result region and the lower half body detection result region
which are located mutually above and below in the acquired
upper half body detection result region and the lower half
body detection result region. Then, concerning each pair of
the upper half body detection result region and the lower half
body detection result region which are located mutually
above and below, the processor 36 adds the upper-half-body
detection probability value and the lower-half-body detection
probability value of the upper half body detection result
region and the lower half body detection result region which
form the pair, and determines whether the addition value is
not smaller than a threshold. When the addition value of the
upper-half-body detection probability value and the lower-
half-body detection probability value of the upper half body
detection result region and the lower half body detection
result region which form the pair is not smaller than the
threshold, the processor 36 determines that the upper half
body detection result region and the lower half body detection
result region respectively correspond to an upper half body
image and a lower half body image of the same human body,
to take each of the upper half body detection result region and
the lower half body detection result region as a human body
detection result region with a high probability of being the
human body image. FIG. 39 is a view showing an example of
ahuman body detection result region 800 made up of an upper
half body detection result region 801 and a lower half body
detection result region 802 which make a pair.

When a plurality of human body detection result regions
are obtained, as described above, the processor 36 for
example integrates a plurality of human body detection result
regions close to one another by means of clustering by Mean-
Shift method as well as Nearest Neighbor method, to specify
an image within the human body detection result region after
integrated in the processing object image as a human body
image. Hence in the image detection section 14, the human
body image in the processing object image is specified based
on the detection probability value concerning the upper half
body image and the detection probability value concerning
the lower half body image.

It is to be noted that even in the case of storing into the
storage section 12 plural kinds of weigh values respectively
corresponding to plural kinds of detection object images, in
such a manner as described above, detection probability val-
ues concerning the plural kinds of detection object images are
calculated based on the plural kinds of weigh values within
the storage section 12, thereby to allow specification of an
entire image with each of the plural kinds of detection object
images taken as a part thereof based on the calculated detec-
tion probability values.

Further, in the case of detecting a vertically long detection
object image such as a human body image or a horizontally
long detection object image directly from the processing
object image with use of a regular square detection frame as
in the above example, a percentage of a background portion
(portion not being the detection object image) is large in the
image within the frame. This can result in deterioration in
detection accuracy.

In the case of detecting a vertically long or horizontally
long detection object image with use of a regular square
detection frame, it is desirable to divide the vertically long or
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horizontally long detection object image (human body
image) into a plurality of partial images (an upper half body
image and a lower half body image) and individually perform
the detection processing on each of the plurality of partial
images with use of the detection frame, as in the present
modified example. Then, a detection object image (human
body image) is specified based on detection results (a detec-
tion probability value concerning the upper half body image
and a detection probability value concerning the lower half
body image) obtained by the detection processing. It is
thereby possible to accurately detect a vertically long or hori-
zontally long detection object image from the processing
object image with use of a regular square detection frame.
<Second Modified Example>

The image detection section 14 according to the present
modified example obtains, with use of the same weigh value,
detection probability values concerning two kinds of images
(hereinafter referred to as “horizontally inverted image pair™)
like those with one image being largely inverted horizontally
symmetrically to the other image, such as an image of the
human face turning to the left (hereinafter referred to as
“left-turned-face image”) and an image of the human face
turning to the right (hereinafter referred to as “right-turned-
face image™). That is, the image detection section 14 accord-
ing to the present modified example can detect each image of
the horizontally inverted image pair from the processing
object image with use of the same weigh value. Hereinafter,
the operation of the image detection section 14 according to
the present modified example will be described. Hereinafter,
one image of the horizontally inverted image pair as a detec-
tion object is referred to as a “first detection object image”,
and the other image of the horizontally inverted image pair is
referred to as a “second detection object image”. Then, a
detection probability value concerning the first detection
object image is referred to as a “first detection probability
value”, and a detection probability value concerning the sec-
ond detection object image is referred to as a “second detec-
tion probability value.

In the present modified example, in the probability value
acquiring circuit 37, only the second processing circuit 730
operates while the first processing circuit 730 does not oper-
ate. That is, in the probability value acquiring circuit 37
according to the present modified example, only an output
integrated values from a plurality of processing circuits 730
are added in the addition circuit 740.

Further, in the probability value acquiring circuit 37, the
second selection circuit 731 of each processing circuit 730
has, as selection modes, a first selection mode which becomes
effective at the time of obtaining the first detection probability
value concerning the first detection object image of the hori-
zontally inverted image pair as the detection object and a
second selection mode which becomes effective at the time of
obtaining the second detection probability value concerning
the second detection object image of the horizontally inverted
image pair. The selection mode of each second processing
circuit 730 is set by the control circuit 700. Specifically, the
selection mode of each second processing circuit 730 is
decided based on second setting information within the sec-
ond register 702 of the control circuit 700 which corresponds
to the second processing circuit 730. The first detection object
image is for example a lefi-turned-face image, and the second
detection object image is for example a right-turned-face
image. Moreover in the present modified example, a weigh
value corresponding to the first detection object image (left-
turned-face image) is for example stored in each of the stor-
age circuits 733 of the plurality of second processing circuits
730.
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In the present modified example, in the second processing
circuit 730 corresponding to the positional relation of the
number p as to the evaluation value pair, when the first evalu-
ation value is outputted from the first selection circuit 720, the
second selection circuit 731 that operates on the first selection
mode selects the second evaluation value, which makes a pair
with the first evaluation value that makes the positional rela-
tion of the number p with the second evaluation value, from
the evaluation value block and outputs the selected value, in
the same manner as in the above example.

On the other hand, in the second processing circuit 730
corresponding to the positional relation of the number p as to
the evaluation value pair, when the first evaluation value is
outputted from the first selection circuit 720, the second
selection circuit 731 that operates on the second selection
mode selects, as a pair of the first evaluation value, the second
evaluation value which forms a positional relation horizon-
tally symmetrical to the positional relation of the number p
with the first evaluation value, from the evaluation value
block and outputs the selected value, in a different manner
from the above example. For example, as for the first and
second evaluation values which form the positional relation
of the number p, when the second evaluation value exists
adjacent to the first evaluation value on the right side of the
first evaluation value, the second selection circuit 731 that
operates on the second selection mode selects as the second
evaluation value an evaluation value adjacent to the first
evaluation value on the left side of the first evaluation value
outputted from the first selection circuit 720, and outputs the
selected value. Further, for example, as for the first and sec-
ond evaluation values which form the positional relation of
the number p, when the second evaluation value exists adja-
cent to the first evaluation value right-down diagonal to the
first evaluation value, the second selection circuit 731 that
operates on the second selection mode selects as the second
evaluation value an evaluation value adjacent to the first
evaluation value right-down diagonal to the first evaluation
value outputted from the first selection circuit 720, and out-
puts the selected value.

As thus described, in the second selection circuit 731 of
each second processing circuit 730 in the present modified
example, both the positions of the second evaluation value
making a pair with the first evaluation value outputted from
the first selection circuit 720 in the first and the second selec-
tion modes are horizontally symmetrical to the position of the
first evaluation value. Therefore, assuming that K kinds of
positional relations as to the evaluation value pair in the case
of each second selection circuit 731 being on the first selec-
tion mode are the positional relations shown in FIG. 29
described above, K kinds of positional relations as to the
evaluation value pair in the case of each second selection
circuit 731 being on the second selection mode are positional
relations as in FIG. 40. Weighted values corresponding to the
first detection object image which are stored in the storage
circuits 733 of K second processing circuits 730 are weigh
values generated based on a co-occurrence characteristic
amount (evaluation value pair) corresponding to K kinds of
positional relations shown in FIG. 29 which are acquired
from the learning sample concerning the first detection object
image.

In each second processing circuit 730, even in the case of
the second selection circuit 731 operating on the first selec-
tion mode or operating on the second selection mode, the
integration circuit 732 reads from the storage circuit 733 a
weigh value in accordance with a combination of the first
evaluation value outputted from the first selection circuit 720
and the second evaluation value which is outputted from the
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second selection circuit 731 and makes a pair with the first
evaluation value, and adds the read value to an integrated
value of weigh values so far. For example, even in the case of
the second selection circuit 731 operating on the first selec-
tion mode or operating on the second selection mode, when
the first evaluation value outputted from the first selection
circuit 720 is “0” and the second evaluation value which is
outputted from the second selection circuit 731 and makes a
pair with the first evaluation value is “1”, the integration
circuit 732 reads a weigh value p0-1 (cf. FIG. 38) from the
storage circuit 733, and adds the read value to an integrated
value of weigh values so far.

When the second selection circuit 731 of each second
processing circuit 730 is on the first selection mode, the
addition circuit 740 adds an output integrated value outputted
from the integration circuit 732 of each second processing
circuit 730, and outputs the addition value as the first detec-
tion probability value concerning the first detection object
image to the processor 36. Further, when the second selection
circuit 731 of each second processing circuit 730 is on the
second selection mode, the addition circuit 740 adds an out-
put integrated value outputted from the integration circuit 732
of each second processing circuit 730, and outputs the addi-
tion value as the second detection probability value concern-
ing the second detection object image to the processor 36.

As thus described, both the positions of the second evalu-
ation value making a pair with the same first evaluation value
in the first and the second selection modes are made horizon-
tally symmetrical to the position of the first evaluation value,
whereby it is possible to obtain a detection probability value
concerning each image of the horizontally inverted image
pair with use of the same weigh value.

It is to be noted that the first detection object image may be
a right-turned-face image and the second detection object
image may be a left-turned-face image.

Further, detection probability values concerning two kinds
of images (hereinafter referred to as “vertically inverted
image pair”) like those with one image being largely inverted
vertically symmetrically to the other image can also be
obtained with use of the same weigh value in the same manner
as above. That is, it is possible to detect each image of the
vertically inverted image pair with use of the same weigh
value. In this case, in the second selection circuit 731 of each
second processing circuit 730, both the positions of the sec-
ond evaluation value making a pair with the first evaluation
value outputted from the first selection circuit 720 in the first
and the second selection modes are vertically symmetrical to
the position of the first evaluation value. Therefore, in this
case, assuming that K kinds of positional relations as to the
evaluation value pair in the case of each second selection
circuit 731 being on the first selection mode are the positional
relations shown in FIG. 29 described above, K kinds of posi-
tional relations as to the evaluation value pair in the case of
each second selection circuit 731 being on the second selec-
tion mode are positional relations as in FIG. 41.

As thus described, even in the case of obtaining detection
probability values concerning a horizontally inverted image
pair with use of the same weigh value, an entire image may be
specified with each image of the horizontally inverted image
pair taken as a part thereof based on the detection probability
values concerning the horizontally inverted image pair in the
same manner as in the above first modified example. In a
vehicle image seen from the side, since an image of a front
portion of a vehicle is an image largely inverted horizontally
symmetrically to an image of a rear portion thereof, when the
first detection object image is one image of those of the front
portion and the rear portion of the vehicle seen from the side
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and the second detection object image is the other image of
those of the front portion and the rear portion, based on
detection probability values concerning the image of the front
portion of the vehicle and the image of the rear portion
thereof, it is possible to specify an image of the entire vehicle
with the image of the front portion of the vehicle and the
image of the rear portion thereof each taken as a part thereof.

Further, when the first detection object image is an image
of'a left half of a human face and the second detection object
image is an image of a right half of the human face, based on
detection probability values concerning the image of the left
half of the human face and the image of the right half of the
human face, it is possible to specify an image of the entire
human face with the left-half image and the right-half image
each taken as a part thereof.

Moreover, even in the case of obtaining detection probabil-
ity values concerning a vertically inverted image pair with use
of the same weigh value, an entire image may be specified
with each image of the vertically inverted image pair taken as
a part thereof based on the detection probability values con-
cerning the vertically inverted image pair.

Although the image processing system 1 has been
described in detail above, the above description is an exem-
plification in all aspects, and the present invention is not
restricted thereto. Further, the foregoing variety of examples
are applicable in combination so long as not being incompat-
ible with one another. It is understood that a countless number
of modified examples not being exemplified can be assumed
without deviating the scope of the present invention.

While the invention has been shown and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed is:

1. An image processing circuit for obtaining a probability
value indicative of a probability that an input image is a
specific image, said circuit comprising:

a first selection circuit for selecting one evaluation value
out of a plurality of evaluation values which indicate
respective characteristics of a plurality of pixels
included in said input image and are allocated with posi-
tions different from one another, and outputting the
selected value;

a plurality of second selection circuits, each for selecting
one evaluation value from said plurality of evaluation
values and outputting the selected value;

a plurality of storage circuits provided respectively corre-
sponding to said plurality of second selection circuits;

aplurality of integration circuits provided respectively cor-
responding to said plurality of second selection circuits;

an addition circuit; and

a control circuit for controlling selection of the evaluation
values in said first selection circuit and said plurality of
second selection circuits,

wherein

said first selection circuit sequentially changes one evalu-
ation value selected out of said plurality of evaluation
values, to change an evaluation value to be outputted,

each of said plurality of second selection circuits selects,
out of said plurality of evaluation values, one evaluation
value being in a predetermined relative positional rela-
tion with a first evaluation value as an evaluation value
which is outputted from said first selection circuit, and
outputs the selected value,
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said predetermined relative positional relations are differ-
ent from one another among said plurality of second
selection circuits,

each of said plurality of storage circuits stores a weigh

value based on a learning sample concerning said spe-
cific image in accordance with a combination of a sec-
ond evaluation value as an evaluation value which is
outputted from the corresponding second selection cir-
cuit and said first evaluation value which makes a pair
with the second evaluation value and is outputted from
said first selection circuit,

every time said second evaluation value is outputted from

the second selection circuit corresponding to the inte-
gration circuit, the integration circuit reads, from the
storage circuit corresponding to the second selection
circuit, said weigh value in accordance with a combina-
tion of the second evaluation value and said first evalu-
ation value which makes a pair with the second evalua-
tion value and is outputted from said first selection
circuit, to integrate the read values and outputs the con-
sequently obtained integrated value, and

said addition circuit at least adds a plurality of integrated

values outputted from said plurality of integration cir-
cuits, so that an addition value is obtained and becomes
said probability value.
2. The image processing circuit according to claim 1,
wherein said weigh values stored in said plurality of storage
circuits are rewritable.
3. The image processing circuit according to claim 1,
wherein
said image processing circuit is capable of obtaining said
probability value concerning each of plural kinds of
specific images, the probability value being indicative of
a probability that said input image is the specific image,

each of said plurality of storage circuits stores plural kinds
of weigh values which respectively correspond to said
plural kinds of specific images, each of said plural kinds
of weigh values being based on a learning sample con-
cerning the corresponding specific image in accordance
with a combination of said second evaluation value out-
putted from the second selection circuit corresponding
to the storage circuit and said first evaluation value
which makes a pair with the second evaluation value and
is outputted from said first selection circuit,

said control circuit sets the kind of weigh value to be used

with respect to said plurality of integration circuits, and
every time said second evaluation value is outputted from
the second selection circuit corresponding to the inte-
gration circuit, the integration circuit reads, from the
storage circuit corresponding to the second selection
circuit, the weigh value of the kind set by the control
circuit in accordance with a combination of the second
evaluation value and said first evaluation value which

makes a pair with the second evaluation value and is
outputted from said first selection circuit, to integrate the
read values.

4. The image processing circuit according to claim 2,

wherein said control circuit further includes a register which
stores setting information for setting an operation to select the
evaluation value in each of said plurality of second selection
circuits.
5. The image processing circuit according to claim 1,
wherein
said image processing circuit is capable of obtaining a
second probability value indicative of a probability that
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said input image is a second specific image of which a
kind is different from that of a first specific image as said
specific image,

said plurality of second selection circuits have, as opera-
tion modes, a first mode which becomes effective at the
time of obtaining a first probability value as said prob-
ability value concerning said first specific image, and a
second mode which becomes effective at the time of
obtaining said second probability value,

said control circuit sets the operation mode of said plurality
of second selection circuits,

aposition of said second evaluation value in said first mode
and a position of said second evaluation value in said
second mode, both making a pair with said same first
evaluation value, are horizontally symmetrical or verti-
cally symmetrical each other with respect to a position
of the first evaluation value in each of said plurality of
second selection circuits,

in a case where the second selection circuit corresponding
to the integration circuit is on said first mode, every time
said second evaluation value is outputted from the sec-
ond selection circuit, the integration circuit reads from
the storage circuit corresponding to the second selection
circuit said weigh value in accordance with a combina-
tion of the second evaluation value and said first evalu-
ation value which makes a pair with the second evalua-
tion value and is outputted from said first selection
circuit, to integrate the read values and outputs the con-
sequently obtained integrated value as a first integrated
value,

while in a case where the second selection circuit corre-
sponding to the integration circuit is on said second
mode, every time said second evaluation value is output-
ted from the second selection circuit, the integration
circuit reads from the storage circuit corresponding to
the second selection circuit said weigh value in accor-
dance with a combination of the second evaluation value
and said first evaluation value which makes a pair with
the second evaluation value and is outputted from said
first selection circuit, to integrate the read values and
outputs the consequently obtained integrated value as a
second integrated value,

said addition circuit at least adds a plurality of integrated
values outputted from said plurality of integration cir-
cuits in a case where said plurality of second selection
circuits are on said first mode, so that a first addition
value is obtained and becomes said first probability
value, and

said addition circuit at least adds a plurality of integrated
values outputted from said plurality of integration cir-
cuits in a case where said plurality of second selection
circuits are on said second mode, so that a second addi-
tion value is obtained and becomes said second prob-
ability value.

6. An image detection device, comprising: an image pro-

cessing circuit for taking, as an input image, each of a plural-
ity of images selected from a processing object image and
obtaining a probability value indicative of a probability that
the input image is a specific image; and

a specification section for specifying said specific image in
said processing object image based on said probability
value found in said image processing circuit,

wherein

said image processing circuit has:

a first selection circuit for selecting one evaluation value
out of a plurality of evaluation values which indicate
respective characteristics of a plurality of pixels
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included in said input image and are allocated with posi-
tions different from one another, and outputting the
selected value;

a plurality of second selection circuits, each for selecting
one evaluation value from said plurality of evaluation
values and outputting the selected value;

a plurality of storage circuits provided respectively corre-
sponding to said plurality of second selection circuits;

aplurality of integration circuits provided respectively cor-
responding to said plurality of second selection circuits;

an addition circuit; and

a control circuit for controlling selection of the evaluation
values in said first selection circuit and said plurality of
second selection circuits,

said first selection circuit sequentially changes one evalu-
ation value selected out of said plurality of evaluation
values, to change an evaluation value to be outputted,

each of said plurality of second selection circuits selects,
out of said plurality of evaluation values, one evaluation
value being in a predetermined relative positional rela-
tion with a first evaluation value as an evaluation value
which is outputted from said first selection circuit, and
outputs the selected value,

said predetermined relative positional relations are differ-
ent from one another among said plurality of second
selection circuits,

each of said plurality of storage circuits stores a weigh
value based on a learning sample concerning said spe-
cific image in accordance with a combination of a sec-
ond evaluation value as an evaluation value which is
outputted from the corresponding second selection cir-
cuit and said first evaluation value which makes a pair
with the second evaluation value and is outputted from
said first selection circuit,

every time said second evaluation value is outputted from
the second selection circuit corresponding to each of
said plurality of integration circuits, the integration cir-
cuit reads, from the storage circuit corresponding to the
second selection circuit, said weigh value in accordance
with a combination of the second evaluation value and
said first evaluation value which makes a pair with the
second evaluation value and is outputted from said first
selection circuit, to integrate the read values and outputs
the consequently obtained integrated value, and

said addition circuit at least adds a plurality of integrated
values outputted from said plurality of integration cir-
cuits, so that an addition value is obtained and becomes
said probability value.

7. The image detection device according to claim 6,

wherein

said image processing circuit obtains said probability value
concerning each of plural kinds of specific images, the
probability value being indicative of a probability that
said input image is the specific image,

each of said plurality of storage circuits stores a plural
kinds of weigh values which respectively correspond to
said plural kinds of specific images, each of said plural
kinds of weigh value being based on a learning sample
concerning the corresponding specific image in accor-
dance with a combination of said second evaluation
value outputted from the second selection circuit corre-
sponding to the storage circuit and said first evaluation
value which makes a pair with the second evaluation
value and is outputted from said first selection circuit,

said control circuit sets the kind of weigh value to be used
with respect to said plurality of integration circuits,

15

20

25

30

35

40

45

50

52

every time said second evaluation value is outputted from
the second selection circuit corresponding to the inte-
gration circuit, the integration circuit reads, from the
storage circuit corresponding to the second selection
circuit, the weigh value of the kind set by the control
circuit in accordance with a combination of the second
evaluation value and said first evaluation value which
makes a pair with the second evaluation value and is
outputted from said first selection circuit, to integrate the
read values, and

said specification section specifies a predetermined entire
image with each of said plural kinds of specific images
taken as a part thereof in said processing object image
based on said probability values concerning said plural
kinds of specific images obtained in said image process-
ing circuit.

8. The image detection device according to claim 7,

wherein

said plural kinds of specific images are images of a plural-
ity of parts constituting a human body, and

said predetermined entire image is an image of a human
whole body.

9. The image detection device according to claim 6,

wherein

said image processing circuit obtains a second probability
value indicative of a probability that said input image is
a second specific image of which a kind is different from
that of a first specific image as said specific image,

said plurality of second selection circuits have, as opera-
tion modes, a first mode which becomes effective at the
time of obtaining a first probability value as said prob-
ability value concerning said first specific image, and a
second mode which becomes effective at the time of
obtaining said second probability value,

said control circuit sets the operation mode of said plurality
of second selection circuits,

aposition of said second evaluation value in said first mode
and a position of said second evaluation value, both
making a pair with said same first evaluation value, are
horizontally symmetrical or vertically symmetrical each
other with respect to a position of the first evaluation
value in each of said plurality of second selection cir-
cuits,

in a case where the second selection circuit corresponding
to the integration circuit is on said first mode, every time
said second evaluation value is outputted from the sec-
ond selection circuit, the integration circuit reads from
the storage circuit corresponding to the second selection
circuit said weigh value in accordance with a combina-
tion of the second evaluation value and said first evalu-
ation value which makes a pair with the second evalua-
tion value and is outputted from said first selection
circuit, to integrate the read values and outputs the con-
sequently obtained integrated value,

while in a case where the second selection circuit corre-
sponding to the integration circuit is on said second
mode, every time said second evaluation value is output-
ted from the second selection circuit, the integration
circuit reads from the storage circuit corresponding to
the second selection circuit said weigh value in accor-
dance with a combination of the second evaluation value
and said first evaluation value which makes a pair with
the second evaluation value and is outputted from said
first selection circuit, to integrate the read values and
outputs the consequently obtained integrated value,

said addition circuit at least adds a plurality of integrated
values outputted from said plurality of integration cir-
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cuits in a case where said plurality of second selection
circuits are on said first mode, so that a first addition
value is obtained and becomes said first probability
value,

said addition circuit at least adds a plurality of integrated 5
values outputted from said plurality of integration cir-
cuits in a case where said plurality of second selection
circuits are on said second mode, so that a second addi-
tion value is obtained and becomes said second prob-
ability value, and 10

said specification section specifies a predetermined entire
image with said first and second specific images taken as
a left-side part and a right-side part or an upper-side part
and a lower-side part in said processing object image
based on said first and second probability values 15
obtained in said image processing circuit.

10. The image detection device according to claim 9,

wherein

said first and second specific images are images of a left-
side part and a right-side part of a human face, and 20

said predetermined entire image is an image of an entire
human face.



